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Mensagem do Presidente da Direcao da APDIO

"E se fizéssemos o Congresso num hotel?..."

Foram estas palavras que no inicio de abril, ainda o pais estava sob um regime de mobilidade limitada,
desbloquearam a realidade que hoje estamos a viver: o Congresso da APDIO & IO 2021. A Direcgao
da APDIO queria promover um encontro da comunidade de Investigacdo Operacional, que sentia como
desejado e necessario. Mas, apesar da esperanca que o processo de vacinagao nos trazia, os tempos ainda
eram de elevada incerteza, os estabelecimentos de ensino superior estavam a funcionar em modo remoto, e
as limitacOes aos eventos eram numerosas e fortes. A solugdo segura para o nosso congresso seria o modo
online, e chegamos a planear um congresso online espalhado no tempo, mas estdvamos todos saturados
de Zoom. Queriamos fazé-lo em modo presencial. Tudo nos empurrava para adiar a decisao, mas um
congresso requer a realizacao de preparativos com bastante antecedéncia. Mas como, quando nenhuma
instituicdo de ensino superior nos cederia instalagoes?

"E se fizéssemos o Congresso num hotel?... Como o INFORMS faz."

De repente, muitos impossiveis passaram a estar ao alcance das nossas decisdes. A escolha de uma
data de Outono, época baixa hoteleira, baixava os custos do evento. Decorrendo o congresso num hotel
poderiamos ter todos os participantes alojados no mesmo local, maximizando a interacao e a partilha.
Um local na zona centro do pais facilitaria as deslocagoes. Mas um congresso em pleno semestre letivo
nao poderia ser longo. Entao faziamo-lo ao longo de apenas dois dias, o primeiro dos quais um domingo.
E assim, passo a passo chegamos ao 10 2021, no Hotel Eurostars Oasis Plaza, 7 e 8 de novembro.

Mas um problema neste formato de congresso parecia intransponivel: ndo dispondo de salas para sessoes
paralelas, pelos custos incomportiveis que acarretariam, como ter as habituais dezenas de apresentagoes
em apenas um dia e meio? Transformando dificuldades em oportunidades, langou-se a ideia de todas
as apresentagoes serem sob a forma de poster, promovendo e treinando competéncias de comunicagao
cientifica, com o envolvimento dos proprios participantes na votacao de quais os posters que seriam alvo
de uma curta apresentagido, seguida de discussdo. Pecha Kucha, timer, sistemas de votacdo, formatos,
Al, A0, A2, foram termos e palavras que voaram pelos ares até se chegar ao modelo de congresso que
hoje vamos tornar vivo. A adesdo da comunidade de Investigacdo Operacional, com mais de 80 posters
submetidos e cerca de 130 participantes no congresso, foi extraordinéria e faz-nos acreditar que a aposta
foi ganha.

Como ¢é habitual nos congressos, procuramos um tema. Mas o momento histérico que viviamos tornava
Obvia a escolha: "Analytics for a Better World". E aqui temos que agradecer vivamente aos nossos
palestrantes convidados. O colega Manuel Matos ird falar-nos da incerteza nos processos de decisao.
Sabemos que a incerteza é mais a regra do que exce¢do, mas tem especial impacto quando vidas humanas
estdao em jogo, em aplicacoes de logistica humanitaria, ou na gestao de desastres. E este é o dia a dia
do Eng. Sérgio Guedes Silva, que lidera a equipa de gestao da cadeia de abastecimento da World Food
Program (WFP), a partir do quartel-general da WFP em Roma, e que nos falara sobre "The power of
analytics in a Humanitarian Context". Missao igualmente sensivel foi a que o Sr. Vice-Almirante Gouveia
e Melo assumiu, ao liderar a task-force que em Portugal geriu o processo de vacinagdo contra a COVID-19.
Para bem de Portugal, o sucesso do seu trabalho foi avassalador. Queremos acreditar que o facto de ter
sido a Marinha de Portugal a introduzir em Portugal o ensino da Investigagdo Operacional, ha mais de 50
anos, nao tenha sido alheio a este sucesso. Por isso, quisemos ouvir do Sr. Vice-Almirante os principais
desafios enfrentados e as ligdes aprendidas neste processo. A pandemia teve impactos inesperados em
vérios setores da economia, mas a logistica é uma das atividades que ainda hoje estd mais afetada e sem
solugdo a vista para a disrupcao sofrida. A gestdo das cadeias de abastecimento é a area de trabalho do
Pedro Amorim, e é a partir desta aplicacdo que ira refletir sobre como podemos alavancar a relevancia
pratica da nossa investigacao em Investigacao Operacional. Mais uma vez, estamos muito gratos aos
quatro palestrantes por terem aceitado o nosso convite e ¢ com muito interesse que os iremos ouvir.

Acredito que a complexidade e incerteza associada a organizacao deste congresso terdo ficado claras nas
minhas palavras anteriores. Por isso mesmo, a Direcdo da APDIO nao podia pedir a ninguém para
organizar o congresso, tinha que o fazer ela propria. Foi assim que assumimos o papel de Comissao
Organizadora. Foi assim que se passaram faturas, se geriram recebimentos, se fez o site e geriu toda
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a comunicacdo, se prepararam templates e se fez o livro de resumos, se arrendaram salas, contrataram
refeicdes e se construiu um programa social. Enfim, tudo o que é habitual numa conferéncia foi tratado
pela Cristina, pela Carla, pela Maria Antoénia e pela Ana, superiormente coordenados pelo incansavel
Samuel, a quem todos devemos uma salva de palmas: ele foi a alma e o musculo desta organizagao.
Obrigado a todos.

Finalmente, um agradecimento muito profundo a todos os colegas da Comissido de Programa (que terdo
ainda a tarefa de rever os artigos que serdo publicados no livro do congresso, editado pela Springer), e das
comissoes dos varios prémios que teremos este ano. A vossa colaboragao foi fundamental para o sucesso
deste modelo de congresso.

Caros socios da APDIO. Este é o tltimo congresso em que me dirijo a vos, enquanto Presidente da Diregao
da APDIO. Por isso, gostava de deixar uma palavra de agradecimento por terem confiado em mim para
conduzir os destinos da associagdo durante 6 anos. A quem me venha a suceder s6 posso dizer uma coisa:
Nao se preocupem! Dirigir uma associagdo com pessoas com a qualidade, a dedicagido, o entusiasmo e o
empenho que os socios da APDIO tém, é muito facil.

E agora, valnos comecgar o congresso!

Figueira da Foz, 7 de novembro de 2021

José Fernando Oliveira

Presidente da Direcdo da APDIO
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Nota do Presidente da Comissao de Programa

E com enorme satisfacdo que recebemos a vossa participacio no maior evento nacional de Investigacao
Operacional. Com mais de 120 participantes inscritos e cerca de 80 trabalhos submetidos, o 102021
vem dar assim continuidade & nossa importante missao de comunicar, divulgar e abordar problemas
complexos que impactam a nossa sociedade, economia e ambiente. Apesar da investigagdo de exceléncia
que tem vindo a ser desenvolvida, os problemas maiores continuam por resolver e, por isso, quisemos com
0 102021 desafiar a nossa comunidade a apresentar modelos, metodologias e novas perspetivas de andlise
que indiquem caminhos para um mundo melhor.

Tempos diferentes exigem abordagens diferentes. Reinventamos o Congresso da APDIO, num programa
mais concentrado que visa inspirar os mais novos e seja facilitador de producao de conhecimento entre
pares. Teremos um dia e meio de congresso com apresentacoes plenarias e mesas redondas, que se
realizardo sempre no mesmo espaco. O dia de domingo seré reservado a dois oradores destacados, o Vice-
Almirante Gouveia e Melo e o Eng. Sérgio Guedes Silva, e a discussao e votagao dos posters. Nas plendarias
de segunda-feira, teremos os Professores Manuel Matos e Pedro Amorim, e um total de 25 apresentacoes
de trabalhos num formato de mesas redondas. Um agradecimento muito especial aos oradores convidados
pela disponibilidade e contributo. Publicamos ainda o Livro de Resumos dedicados ao XXI Congresso
da Associacao Portuguesa de Investigacao Operacional. Pés-congresso, os artigos aceites no processo de
revisdo serdo publicados nos Springer Proceedings in Mathematics Statistics.

Gostaria de deixar uma palavra de aprego a todos os elementos da Comissdao Organizadora, Isabel Cristina
Lopes, Carla Geraldes, Maria Anténia Carravilla, Ana Paula Barbosa Péovoa e José Fernando Oliveira,
pelo espirito de equipa inabalével que permitiu superar os desafios da conjuntura atual. Saliento, também,
o apoio do Departamento de Engenharia Mecéanica da Faculdade de Ciéncias e Tecnologia da Universidade
de Coimbra.

Desejamos que o programa cientifico e social va de encontro as melhores espectativas e que o 102021 seja
um evento marcante na nossa comunidade.
Figueira da Foz, 7 de novembro de 2021

Samuel Moniz

Presidente da Comissao de Programa
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Programa Geral

Time November 7t
Hotel check-in &

get together

Welcome drink &
poster discussion
and voting

17:00 Opening remarks &
Plenary session
Vice-Almirante
Gouveia e Melo
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07:30 Breakfast
08:30 Plenary session

Manuel Matos
Round table 1

10:15 Coffee break &
poster discussion

Round table 2

09:15

11:00

17:45 Coffee break & 12:00 Hotel check-out
poster discussion 12:30
and voting Lunch
18:30 Plenary session 14:00 Round table 3
Sérgio Guedes Silva
19:15 15:00 Plenary session
Walking to the dinner Pedro Amorim
15:45
20:00 Cocktail and Round table 4
Conference dinner 16:45 Coffee break &
poster discussion
17:30

Round table 5

18:30 Awards &
closing remarks
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Sessao Plenaria I

A operacgao logistica da vacinagao contra a COVID-19 em Portugal
Vice-Almirante Henrique Gouveia e Melo
Estado-Maior-General das Forgcas Armadas

Biografia

O Vice-Almirante Henrique Eduardo Passaldqua de Gouveia e Melo nasceu em Quelimane, Mogambique, a 21
de novembro de 1960, e viveu a sua infancia e adolescéncia entre Quelimane, em Mocambique, a cidade de Sao
Paulo, Sao Paulo, no Brasil e, finalmente, Lisboa, onde chegou aos 18 anos, em setembro de 1979 para ingressar
na Escola Naval como Cadete do curso "Carvalho Araiijo". Em setembro de 1984, ap6s terminar o curso na Classe
de Marinha, com 23 anos, foi promovido a Guarda-Marinha.

Fez o estagio de embarque, de seis meses, na fragata NRP Roberto Ivens, em 1984, antes de assumir as fungoes
de Oficial Imediato do NRP Save, durante um ano, de 1984 a 1985.

Integrou, voluntariamente, a Esquadrilha de Submarinos aos 24 anos, em setembro de 1985, onde navegou nos
submarinos NRP Albacora, NRP Barracuda e NRP Delfim, tendo nos primeiros anos e até 1992, exercido di-
versas fungbes operacionais como oficial de guarnicdo e posteriormente como Oficial Imediato nos submarinos
NRP Albacora e NRP Barracuda. Durante a sua longa permanéncia na Esquadrilha de Submarinos que, nesta
fase, terminaria em 2002, teve ainda a oportunidade de comandar os submarinos NRP Delfim e NRP Barracuda,
chefiar o Servigo de Treino e Avaliacdo da Esquadrilha de Submarinos e o Estado-Maior da Autoridade Nacional
para o Controlo de Operagoes de Submarinos (SUBOPAUTH).

Apo6s uma passagem de 3 anos como Relagoes Publicas e Porta-Voz da Marinha, e uma participagdo decisiva no
projeto da nova de classe de submarinos, veio a comandar, entre 2006 e 2008, a fragata NRP Vasco da Gama
(F330).

Findo este comando no mar, o Almirante Gouveia e Melo retornou ao meio que encerra a sua grande paixao, a
Esquadrilha de Submarinos, novamente como seu Comandante, para liderar o ambicioso projeto de transformagao
e reconstrucio desta estrutura, capacitando-a para a rece¢do e apoio aos novos submarinos. Foi nesta fase, por
falecimento do Comandante do submarino NRP Tridente, que voltou a embarcar como responsavel pelas provas,
testes e operagoes durante o primeiro ano de vida desta nova unidade, periodo de garantia apés a recegao do navio
em Portugal. Antes da promocao a Oficial General foi, ainda, 2.° Comandante da Flotilha de Navios, Diretor de
Farois e Diretor do Instituto de Socorros a Naufragos.

Ao longo da sua carreira, frequentou varios cursos, dos quais se destacam a especializacio em Comunicagoes e
Guerra Eletronica, o "International Diesel Electric Submarine Tracking Course"em Norfolk, Virginia, nos Estados
Unidos da Ameérica, o Curso Geral Naval de Guerra, uma Pés-Graduagao em "Information Warfare"na Universi-
dade Independente, o Curso Complementar Naval de Guerra e finalmente o Curso de Promogao a Oficial General
no Instituto de Estudos Superiores Militares.

Apos a promogao a Contra-Almirante, em abril de 2014, foi Chefe de Gabinete do Almirante Chefe do Estado-
Maior da Armada até novembro de 2016 e, durante um breve periodo, o 2.° Comandante Naval, exercendo em
supléncia as fungdes de Comandante Naval, até janeiro de 2017. Nessa data, com a promoc¢ao a Vice-Almirante,
passou a exercer as fungdes de Comandante Naval, periodo durante o qual exerceu, em acumulagao, as fungoes de
Comandante da Forga Naval EUROMARFOR, que integra meios portugueses, espanhois, franceses e italianos.

E, desde janeiro de 2020, o Adjunto para o Planeamento e Coordenacio do Estado-Maior General das Forcas
Armadas, fun¢do que, entre 3 de fevereiro e 28 de setembro de 2021, passou a acumular com as de Coordenador
da Task Force para combate & COVID-19.

O Vice-Almirante Gouveia e Melo para além dos submarinos e do mar ¢ um apaixonado pelo mundo das Mate-
maticas, da Fisica e da Computacao.

Ao longo da sua carreira ja foi, também, distinguido com diversas condecoragoes: Comendador (3 de Junho de
2004) e Gra-Cruz (20 de Agosto de 2021) da Ordem Militar de Sdo Bento de Avis,[4] trés Medalhas Militares
de Ouro de Servigos Distintos, cinco Medalhas Militares de Prata de Servigos Distintos, Medalha de 1.* Classe
de Mérito Militar, Medalha de 2.* Classe de Mérito Militar, Medalha de 3.* Classe de Mérito Militar, Medalha
de 1.* Classe da Defesa Nacional, Medalha de 1.* Classe da Cruz de Sao Jorge, Medalha de 3.* Classe da Cruz
Naval, Medalha Militar de Ouro de Comportamento Exemplar, Grande-Oficial da Ordem do Meérito Naval do

Figueira da Foz, 7 e 8 de novembro de 2021



6 IO 2021 | XVI Congresso da Associacao Portuguesa de Investigagao Operacional

Brasil, Medalha Mérito Tamandaré do Brasil, Comendador da Ordem do Mérito Maritimo de Franga, Medalha
de Participagdo na Operagao Sharp Guard.
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Sessao Plenaria 11

The power of analytics in a Humanitarian Context
Sérgio Guedes Silva
World Food Program, Roma

Nearly 690 million people regularly go to bed hungry. This means one in eleven people do not have access
to enough food, a situation exacerbated further by the ongoing COVID-19 pandemic. One of the key players
addressing this issue is the United Nations World Food Programme (WFP), the world’s largest humanitarian
organization fighting hunger worldwide and winner of the 2020 Nobel Peace Prize. Just last year, WFP assisted
115.5 million people in 84 countries.

Humanitarian operations are complex to manage by nature, as they seek to address multi-faceted problems with
limited resources in unstable operational environments. As needs evolve and new information comes in, it is
therefore critical to continually monitor and understand each operation, quickly adapt and re-evaluate plans,
optimize the use of limited resources, and anticipate what is expected to happen next.

To that end, WFP has been embracing the power of analytics. Engineers and mathematicians have taken a lea-
ding role in supporting complex operations, using analytics as an enabler to strengthen the integration between
functional areas, augment visibility on WFP operations, and find concrete ways to maximize their efficiency and
effectiveness. WFP was awarded in 2020 with the prestigious Franz Edelman Award for Achievement in Advanced
Analytics, Operations Research and Management Science.

Biography
Sérgio Guedes Silva leads WFP’s Supply Chain Planning service. A graduate in Mechanical Engineering and
Management, Sérgio Guedes Silva decided to apply his engineering training to humanitarian causes.

He is leading a team responsible for innovations, operational support and strategic planning. Over the last few
years he has been involved in humanitarian crises such as crises in Syria, Ethiopia, Sahel and Mozambique.

He is also the founder and current Council President of G.A.S. Porto, an NGO with around 400 volunteers, and
is a regular guest speaker in several events in this field.
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Sessao Plenaria 111

Dealing with uncertainty
Manuel Matos
INESCTEC, Faculdade de Engenharia da Universidade do Porto

Uncertainty affects our decision processes because in an uncertain environment we cannot completely anticipate
the impact of our actions. The talk will review and comment some of the approaches used to represent and deal
with uncertainty, from arbitrary clairvoyance to the simulation of nature status and of the decisions of others.
Fuzzy numbers and intervals will be used to describe uncertain situations and show cases of artificial increase of
uncertainty. The interaction of uncertainty with multiple criteria formulations will also be discussed. Illustrative
examples will be provided, either general or from the power systems area (easy cases).

Bibiography

Manuel A. Matos was born in 1955 in Porto, Portugal. He is with the Faculty of Engineering of the University of
Porto (FEUP), Portugal, since 1978 (Full Professor since 2000).

He is also coordinator of the Centre for Power and Energy Systems of INESC TEC and President of the Scientific
Council of INESC TEC.

His research interests include classical and fuzzy modeling of power systems, reliability, planning, optimization
and decision-aid, with application to renewable energy sources integration, electric vehicles’ deployment and smart
grids.
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Sessao Plenaria IV

How can we lift the practical relevance of our research in operations
research?

Pedro Amorim
INESCTEC, Faculdade de Engenharia da Universidade do Porto

This presentation aims to discuss opportunities for our community to increase the practical relevance of its
research. We'll start by discussing why practical research relevance matters for Operations Research. These
opportunities will be discussed using a framework of suggestions, such as developing a practitioner advisory team
or writing for practitioners in different mediums. We conclude by analyzing ways in which academic institutions
can help in the persecution of this goal.

Biography

Pedro Amorim is an Assistant Professor (with habilitation) at Industrial Engineering and Management Depart-
ment at FEUP and also an invited professor at Porto Business School. Since 2016, he’s the Head of Research
Center for Industrial Engineering and Management from INESC Technology and Science. He is also a co-founder
of LTPlabs.

He was a visiting scholar IESE Business School (Spain) and at Carnegie Mellon University (USA) and he was a
visiting researcher at Technical University of Berlin, Ingolstadt School of Management, University of Sao Paulo
and Technical University of Lisbon. He leads a European Group focused on Retail.

In this domain he has conducted several projects applying advanced analytics to decision-making. He is also the
author of more than 50 research papers published in international journals on Supply Chain Management, Retail

Operations, and Optimization.

He holds a MSc and a PhD degree of Industrial Engineering and Management, from University of Porto, Portugal.
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Submissao #3

Uncertainty in Proton Therapy Treatment Planning Optimization
Joana Dias, Humberto Rocha, Brigida Ferreira, Joana Neves

Radiotherapy treatment planning (RTP) is a research area where Operational Research and Medical Physics are
a match made in heaven, with Operational Research being crucial for the improvement of treatment quality.
RTP can be seen as a multiobjective optimization problem under uncertainty. In proton treatment, one of the
most recent treatment modalities, tackling uncertainty in an explicit way is even more important than in other
modalities. Proton beams have unique depth-dose characteristics. Protons slow down as they penetrate matter,
their rate of energy transfer increases with depth, coming to an abrupt stop just beyond where energy deposition
is maximum producing the so-called Bragg peak. By positioning several Bragg peaks inside the target volume,
excellent tumor coverage is obtained, and adjacent organs at risk are spared. However, proton treatment is much
more vulnerable to uncertainties due to high dose gradients. Continuing the conventional practice of defining
safety margins around the tumour is not appropriate and robust optimization of treatment plans is necessary. In
this work, different robust optimization approaches will be presented and compared, namely comparing absolute-
robust models, where the objective is to look at the worst case scenario, with relative-robust approaches that
consider the concept of regret.

Keywords: Radiotherapy Treatment Optimization, Optimization under Uncertainty, Robust Optimiza-
tion

Uncertainty in Proton Therapy 102021
Treatment Planning Optimization  =wsiso

Joana Dias, Humberto Rocha, Brigida Ferreira, Joana Neves

What is the core challenge of this work? || Why is this challenging?

« To improve the quality of radiotherapy (RT) * RT planning relies on a trial and error process.
treatments, namely considering an innovative || * Proton therapy has specific features that make
technology: Proton Therapy it highly appropriate for the treatment of

* We aim at contributing to treatment planning cancer. However, it is much more vulnerable
solutions that are scalable, reliable, fast, and to uncertainties than other treatments.
cost-effective. This requires an * Proton range uncertainties, anatomy changes,
interdisciplinary approach considering setup variations can cause heterogeneities and
Medical Physics, Computer Science, OR, etc. misalignment of dose contributions from often

* Truly tailored radiation treatments can highly modulated beams.
potentially contribute to increased cure or * Robust mathematical models and algorithms
reduced incidence of severe radiation- are crucial for dealing adequately with these
induced morbidity. uncertainties and improving treatment quality.

Protons vs Photons With photons, you can see a lot of dose deposited before reaching the tumour while
using protons there is little dose deposited before the tumour and almost none after.

Robust Beam Angle Optimization Preliminary Results
N . * Already treated prostate cancer cases after
* Determination of the optimal

N tumour removal surgery are being considered.
set of beams is a nonconvex L
. * Uncertainties impact tumour coverage more
mathematical problem, the . .
8 than organs at risk sparing.
space of solutions can be .. .
crrend e iler * It is important to consider the number of
WLELLS treatment fractions in the assessment of the

e i treatment plan
* Worst case based optimization vs Regret based pfan. . L
NN * Regret-based stochastic optimization seems to
optimization.

provide better tumour coverage than worst
case based models. More computational tests
are still needed, considering also other cancer
locations.

* Assessment using Monte-Carlo simulation,
considering the impact of the treatment
fractionation in the realized uncertainty.

References
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Submissao #4

The efficiency of nations in the fight against SARS-CoV-2: A network Data
Envelopment Analysis
Miguel Pereira, Duarte Dinis, Diogo Ferreira, José Rui Figueira, Rui Marques

The current outbreak of SARS-CoV-2 has been having a major impact on health systems worldwide. Therefore,
there is a need to understand the efficiency of the pandemic response across several nations and derive insights
that can help governments and health authorities improve their national COVID-19 strategies. Thus, we conduc-
ted a network Data Envelopment Analysis (DEA) to estimate the efficiencies of fifty-five countries in the current
crisis, designing the model as a general series structure with five single-division stages (population, contagion,
triage, hospitalisation, and intensive care unit admission) and considering an output-maximisation orientation -
to denote a social perspective - and an input-minimisation orientation - to denote an economic perspective. Our
proposal considers inputs regarding health costs, desirable and undesirable intermediate products regarding the
use of personal protective equipment and infected population, respectively, and desirable and undesirable outputs
regarding COVID-19 recoveries and deaths, respectively. The study concludes that Estonia, Iceland, Latvia,
Luxembourg, the Netherlands, and New Zealand are the countries that exhibit higher mean system efficiencies
- their national COVID-19 strategies should be studied, adapted, and used by the countries that exhibit worse
performances. Furthermore, we found statistical significance in the fact that countries with large populations
present worse mean efficiency scores.

Keywords: Data Envelopment Analysis, Simulation, Series structure, SARS-CoV-2, Efficiency measu-
rement

The efficiency of nations in the fight against SARS-CoV-2 TECNICO
A network Data Envelopment Analysis LISBOA
Miquel Alves Pereira, Duarte Caldeira Dinis, Diogo Cunha Ferreira, José Rui Figueira, Rui Cunha Marques
Intro Methods Results Discussion
« By estimating the efficiency of  *We propose an approach based  +Our analysis comprised 55 «The reasons behind the success
different countries in the fight on network Data Envelopment countries and 15 indicators of BALTIC RePUBLICS resided in
against the ongoing SARS-CoV-2  Analysis (DEA) since, unlike capturing their reality from the  rapidly declaring a state of
pandemic, it is possible to assess conventional DEA, it considers beginning of the pandemic until emergency, counteracting
which health systems perform the inner workings of entities. 31/12/2020. misinformation and
better and should be regarded as +The network is modelled through  «From both perspectives, no disinformation, and enforcing
benchmarks, and which need to a general series structure with nations were systemical- or physical-distancing requirements.
improve their performance. five single-division stages. partially efficient, on average.  *The Low LANDS' success is due to
*Insights can then be obtained on *We also consider two model «From an aggregate perspective,  applying decentralised
the factors contributing to the ientati put-orientati six nations ataQl “intelligent lockdowns" and
best/worst performances, denoting a SOCIAL PERSPECTIVE}, level: Estonia, Iceland, Latvia, massive testing-and-tracing.
allowing governments to take the  and inpt i denoting L the *The IsLANDS succeeded because of
necessary measures in improving  an ECONOMIC PERSPECTIVE. and New Zealand. contact-tracing and isolation
their respective health systems. systems, and providing informed

reports to the population.

Original network DEA with simulation The efficiencies of the SOCIAL PERSPECTIVE
considering desirable and and the ECONOMIC PERSPECTIVE have a
undesirable intermediate products positive moderate correlation.
and outputs.

Only three pairings of countries
No countries were able to produce the showed system efficiencies in Q1:
largest amount of output for the same BALTIC REPUBLICS (Estonia and Latvia),
amount of input or produce the same Low LANDS (Luxembourg and the
amount of output using the least Netherlands), and ISLANDS (Iceland and
amount of input. New Zealand).

Statistical significance was found in the Science-based decision-making was
association of low mean system the key to success and partially
efficiencies in nations with large explains the collapse of other countries.
populations.
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Submissao #5

The family traveling salesman problem with incompatibility constraints
Raquel Bernardino, Ana Paias

Consider a depot and a partition of the set of nodes into subsets, called families. The objective of the family
traveling salesman problem (FTSP) is to find the minimum cost route that starts and ends at the depot and visits
a given number of nodes per family. We propose a new variant of the FTSP by introducing incompatibilities
between the families, that is, incompatible families cannot be visited in the same route. Thus, the FTSP with
incompatibility constraints (FTSP-IC) consists of determining the minimum cost set of routes that begins and
ends at the depot; visits a given number of cities in each family; and does not visit incompatible nodes in the same
route. We propose compact and non-compact formulations for the FTSP-IC, which model the incompatibility
constraints for each family implicitly in compatibility graphs. We also present a new set of valid inequalities.
To evaluate the different models, we used the benchmark instances for the FTSP and generated incompatibility
matrices. The computational experiment shows that the non-compact models outperform the compact ones. We
developed an iterated local search, which efficiently obtains solutions with a lower value than the branch-and-cut
algorithm for the largest instances, with an unknown optimal value.

Keywords: Family traveling salesman problem, Branch-and-cut algorithm, Incompatibility constraints,
Tterated local search algorithm
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The FTSP-IC The RFV inequalities

> Given: If there exists a family / € £ such that the number of nodes in ' =
» adepot; ({0}UC()\ Sand S C C(l) is less than v, then there is an arc in the
» a partition of the set of cities into families; cut-set [$', ] that has to be used in any feasible solution.
> a set of incompatible families; and The rounded family F equalit
» a cost matrix, which represents the traveling costs between the de-
pot and the cities and between each pair of cities. x(8',8) =1, 9)
> The FTSP-IC consists in finding the minimum cost set of routes that: vieL,
» begins and ends at the depot; VS C C):[SNF|=n—v+1

» visits a predefined number of cities in each family; and

» does not visit cities from incompatible families in the same route. " —
The 1st-DEG inequalities

EIr (G0 o & @] oo
the nodes from set S must be visited in two
" e . distinct routes.
Led Va0
et w2
o ® X9 = vy (10)
3 v ® VhbeLl:{hb}eT,
¥S € Clh) U Clk),
e vis ®
it ® VijeSileh wdle R,
_ . where §' = ({0} U C{h) U Clk)\ S.
—  Feasile solution |® © ® ® ({0} U Clh) U Cle))

The Rounded 1st-DEG inequalities

* If there are ot to complete the visits from z ns'

yic Ci
in'the 15t-DEG consiraini the y associated with the node from family /by 1
Motivation > X(S,8) > 14y,

« The FTSP was proposed by Moran-Mirabal et al. (2014) and it was mo- > XS, S) 3 ;r +1
tivated by the order picking problem in warehouses with chaotic storage.

where S = ({0} U C(h) U C()) \ S.

> Some types of products are incompatible with each other due to their

nature (food and chemical products) and cannot be transported to- n i -
gether. — Motivation for the FTSP-IC. Computational experiment - LP values

CCRFV model Wilh Founded TSUDEG iequaliies

PP [nstance | gap & #CC #AFV| gap s #CC #AFV Hist #A-1st

Infeasibilities burmata [055% 0 7 19 |0.00% 0 7 18 1 5

There are two types of infeasibilities: baygRo 236 0 21 T8 021% 0 W e 0 X

. 1: Existence of subtours. 624 747 |2

Existence of routes that contain incompatible nodes.

* We can simultaneously model subtour elimination constraints and in-

by using i in the com-

7 204 279 94 287
8 1343 1619 633 1142
419504 182 366

patibility graph
» The compat )) is the subgraph induced by

b G0 . Rounded 1st-DEG inequalities?
the nodes that are compatible with family / € £.

Computational experiment - Optimal values

;

- [ fvod/iTotal | #olved/FTotal
1, ifthe arc (i,/)  Alis used in any of the routes, ‘ O e D aa =

,ifthe node i € N'is visited in any of the routes. bayg29 99 0 99 0

att4s 99 99 99 5
Minimize " ¢ ) bier127 49 6478 79 3229

A Summary 31736 Toaa 5% 505

Subject to: W We were unable to obtain the optimal values of any of the largest instances:
X(0,N) > 1, @) and

i ® By using the Rounded 15-DEG we were able o oblain the oplimal value of three addi

x({0} U C(i). i) =y ¥ie N @) tional instances.
x(i, {0} U C(i), i) = yi,Vie N (4)
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Submissao #6

Models for a single vehicle continuous-time inventory routing problem with
pickups and deliveries
Agostinho Agra, Marielle Christiansen, Laurence Wolsey

An inventory routing problem in which a single vehicle is responsible for the transport of a commodity from a
set of supply locations to a set of demand locations is considered. At each location the inventory must be kept
within predefined bounds, and the location specific supply and demand rates are constant throughout the time
horizon. Each location can be visited several times during the time horizon, and the vehicle can visit the locations
in any order as long as the capacity of the vehicle is not exceeded. Two models are presented, each defined on a
different extended network. In a location-event model, the nodes are indexed by the location and the number of
visits made so far to that location, while in a vehicle-event model the nodes are indexed by the location and the
number of visits so far on the vehicle route. Both models are based on continuous time formulations. Bounds on
the number of vehicle visits are discussed and a new branching algorithm is proposed. Computational tests based
on a set of maritime transportation instances are reported to compare both models and test the new branching

algorithm.

Keywords: Inventory, Routing, Strong formulations, Branching
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Models for a single vehicle continuous-time inventory
routing problem with pickups and deliveries

Agostinho Agra, Marielle Christiansen, Laurence Wolsey

We consider an inventory routing problem in which a single
vehicle transports a commodity from a set of supply locations to a
set of demand locations. The supply and demand rates at each
location are constant throughout the time horizon. Each location
can be visited several times during the time horizon, and the
vehicle can visit the locations in any order as long as the capacity
of the vehicle is not exceeded. At each location the inventory must
be kept within predefined bounds. Two formulations are proposed.
The location-event formulation

In the location-event formulation, the vehicle path is defined on an
extended graph in which cach node corresponds to a visit to a
location. For each location, we consider an ordering of the visits
according to the time of the visit. A node is represented by a pair
(i,m) in which i indicates the location and m indicates the m" visit
to location i. Arcs correspond to direct vehicle movements from
node (im) to node (j, n) and are represented by (i,nm,j,n). The next
figure shows a route of a vehicle that leaves the origin (node o)
makes the first visit no location 3, then visits location 2 for the first
time, returns to location 3, makes the first visit to location 1, then
moves again to location 2, and goes to the dummy destination
(node D).

e

The vehicle-event formulation

In this aliernative formulation, events are linked to the vehicle. The
order of the events corresponds to the order of the vehicle visits. The
vehicle path is described using a layered graph in which each layer
corresponds to the number of visits made by the vehicle. Each layer
contains all locations. In the next figure we illustrate the path of the
example given above in this layered graph, considering a maximum
of cight visits.

B0 Q ®© 6 ® 0 O
o @ @ 0\@ ®© 0 06
© 0 0 U o\ o0 o
® 0 0 0 —O—=C
Estimating the number of visits
The size of both models depends on the number of events (visits)
which are not known in advance and need to be estimated. Large
upper bounds for these parameters lead to large sized models. On
the other hand, restricting the number of events too much may
exclude optimal solutions. Here we propose to bound the number of
events, for each model, by solving auxiliary problems, which
coincide with the linear relaxation of the corresponding original
model, where the original objective function (minimizing the total
costs) is replaced by a new one the number of visits.

A two-level branching approach

As the number of visits plays a key role in solution procedures
based on the mathematical models, we propose a new algorithm
where we first branch on the number of visits and within each
branch we solve the restricted model. The algorithm is as follows:
Algorithm 1.

1. Determine an upper bound « for the number of visits

2. Add constraint: sum of visits < [u /2]

3. Solve the resulting model with a time limit of § seconds

4. If a solution is found, set X, to the best feasible solution

5. Replace constraint in Step 2 by: [u /2] +1 < sum of visits < u

6. Solve the resulting model with a time limit of § seconds

7. If a solution is found, set X, to the best feasible solution

8. Choose between X and X,

If in the first branch of Algorithm 1 a feasible solution is found,
then the value of the best feasible solution can be used as a cut-off
value for the second branch.

Computational results

Computational tests were conducted on a set of 112 instances from
a maritime inventory routing problem with a number of locations
raging from 3 to 6, and for time horizons of 60, 120, 180 and 240
days. Some of the instances are infeasible. Using the Xpress
Optimizer, the results show that:

» Solving the branch-and-cut based on the vehicle-event model
is, in general, faster than using the location-vehicle model both
in feasible and infeasible instances (to prove infeasibility).
Algorithm 1 is more efficient than applying the branch-and-cut
to the full model on harder instances. For the easier instances,
the difference between the two approaches is negligible.

» Using Algorithm 1 with the vehicle-event formulation and
B=3600, all the instances with time horizon up to 120 days are
solved to optimality and for 180 days only 4 are not solved.

For the longest time horizons (180 and 240 days), the
branching at the first level should be adjusted in order to
construct two balanced subproblems

The inclusion of valid inequalities improved the running times
but were not able to improve the linear relaxation bounds
significantly.

v

v

v

Conclusions and future research

The proposed algorithm based on the vehicle-event formulation

proved to be an cfficient method to solve the single vehicle

continuous-time inventory routing problem

For future research we propose the following research lines:

» Derive new valid inequalities incorporating the different
problem characteristics (routing, inventory, capacities, etc.).

» Study new branching schemes based on the number of visits.

> Extend the proposed models to deal with multiple vehicles.
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Submissao #7

Defining hospital networks with centralized waiting lists for elective patients

Mariana Oliveira, Daniel Santos

Long waiting lists for elective surgery can be a consequence of the inability of hospitals to provide timely care,

which may happen due

to lack of physical or human resources or due to inefficiencies in the management of

elective patients. This research work aims to identify the main sources of problems in the strategic planning of

operating rooms, particularly on waiting list management. For this purpose, an optimization model to support
decisions about waiting list pooling agreements among hospitals is proposed. This model allows to compare the

performance of individu

al hospitals when waiting lists are centralized at different levels. The network system

perspective grants the opportunity to reduce costs and increase compliance with each individual hospital’s stra-

tegic missions, as waiting time targets are considered and, consequently, improved quality of care is pursued.

Keywords: Health services, Strategic decisions, Optimization

O w2021

~BETTERWORLD

TECNICO
w LISBOA

Defining hospital networks with centralized waiting lists for

elective patients

Mariana Oliveira®, Daniel Santos?® .‘,
2CEG-IST, Instituto Superior Técnico, Avenida Rovisco Pais, 1049-001 Lisboa, Portugal (CEGIST OpLog FCT Pt
= Reseunn Goouy

author: mariana.m. ulisboa.pt Eliaolog

Highlights
’ i e

Can a centralized waiting list forelective ﬁ w2y

patients improve access to surgical care in sk Yrme=1 VtET,hell )

terms of waiting time and tardiness, while 2 o

keeping acceptable distances between ﬁ Tubge+ Tthge — Wby S 1 VEET,c € Cylshy € By i ®)

hospitals? K Tue Tthge > Wiokihy VL€ T, € Cylily € Wby # iy 0}

" Ol € B VEE T, € oy hy € Hyhy # by (%)

Form clusters of hospitals that allow o better ﬁ St S ouae V€ e ®

balance surgical demand and supply fa :
S~ ww)rine < die VEET,cEC @

Informed  policy-making ~ and  resource = o o

R W e el ﬁ ﬁ o~ dodanc < W TiocC ®
be>0 VieTeeC ®
Fehe, emhy € (0,1} VEE Tye € Cohyhayha € 11 (10)

Introduction

Preliminary Results

Motivation:
Elective surgical demand increase
- General resource restriction Number of clusters
- Pressure to increase production + 1 Completely centralized
- Improve patients’ experience + Number of hospitals > Completely decentralized
riee Model validation (running time limit of 1 hour)
Objectives: - Assuming one specialty and a maximum number of clusters equal to the
:::gm';:g;:‘&m:g processes number of hospitals, these were some of the obtained results:
- Balance surgical demand and supply Instance  Time Hospitals Initial Final M: Min
- Reduce waiting time and burden for patients imbalance imbalance clusters clusters
- Establish networks of hospitals to better coordinate response
to surgical demand 88344
665472
11040
90066
420900
Tadices and Scts 55968
heH  hopitals
ceC clusters Siload
tCT  timo poriods 147840
Parameters
din demand for hospital A in timo period ¢ L
i capacity for hospital A in timo period ¢ 97960
nun distanco botwoen hospital by and hospital iy
B maximum Hospitals within
0 minimum ratio demand/supply that must bo guaranteed in a cluster
Decision variables

Ze 1, hospital h belongs to cluster ¢ in time period ¢
Qe - The model was able to reduce imbalance between supply and demand

for every generated instance.
- Centralized waiting lsts within hospital clusters might reduce imbalance
between supply and demand and, consequently, reduce waiting time for

Auxiliary variables
bue imbalance between demand and capacity for cluster ¢ in time period ¢

Wemna 1, i hospital hy and ha belong; to cluster ¢ in time period ¢
0, othorwise

Next steps

patients and tardiness of surgeries.
- However, for most cases, the optimal solution does not involve

completely centralized waiting fists. Thus, this decision should be made
in an informed manner.

- Incorporate patient clustering techniques to classify different types of demand

- Combination with simulation: assess how flexibility in human resources among hospitals could impact the results regarding waiting time of patients
- Comparison between deterministic and stochastic approaches: incorporate uncertainty into demand and capacity parameters

- Refine capacity measures

- Add objective to minimize distance between hospitals within the same cluster
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Submissao #8

Um método exato para problemas bilevel lineares com mailtiplas func¢oes
objetivo no nivel inferior
Maria Jodo Alves, Carlos Henggeler Antunes

Neste trabalho consideramos problemas de otimiza¢do em dois niveis (bilevel) lineares com multiplas funcoes
objetivo no nivel inferior. Propomos um método exato para calcular a solugdo 6tima da formulagdo otimista
do problema, que se baseia na transformacio do problema original num problema de programagao linear mul-
tiobjetivo (PLMO) equivalente. A solugdo 6tima ¢é obtida através da pesquisa de solugoes eficientes extremas
do problema de PLMO. Para o efeito, foi desenvolvido um algoritmo que calcula todas as bases eficientes deste
problema equivalente. Como o problema de PLMO pode ter um nimero elevado de funcoes objetivo, o qual de-
pende do nimero de variaveis de nivel superior do problema bilevel, o esforgo computacional para obter a solugao
otima pode ser significativo. No entanto, este método tem a vantagem de fornecer sempre uma solugdo admissivel
do problema bilevel quando é considerada uma limitagdo do tempo computacional que ndo permite terminar a
respetiva execuc¢ao, o que nao acontece em outros métodos da literatura. é apresentada uma comparagao entre

este novo método e outro algoritmo exato de referéncia proposto por outros autores, enfatizando as vantagens e
desvantagens de cada um dos métodos.

Palavras chave: Programacio multiobjetivo, Otimizacao bilevel, Método simplex multiobjetivo

-~ UM METODO EXATO PARA PROBLEMAS BILEVEL LINEARES COM —

g MULTIPLAS FUNCOES OBJETIVO NO NIVEL INFERIOR T
PROBLEMA — ™3t Fun =clxrd'y 102021
‘BLMU) 8 Alx < bl & " \/V(m
x20 (I\Ila‘riagl'oé?pelves 13
FNEP NN mjalves@fe.u [
o A =gty tate Carlos Henggeler Antunes’
S (ch@deec.uc.pt)
A?x + B*y < b? o
y>0

Lider: controlax € R™
Seguidor: controlay € R™

Solugdo étima otimista: otimiza F(x,y) na regido VE x K-th BEST
C

induzida: IR = {(x,y)eS: y € Wr(x)} &
S ={(x,y):A'x < b',A'x + B2y < b%x,y > 0} > regido das
restrigoes

W (x)=> todas as solugdes eficientes de MOLL(x), problema
multiobjetivo do seguidor para um dado x.

X 24
b
Algoritmo VE

Pesquisa 6 bases em IR
1 (incluindo bases degeneradas) €
Sabe-se que: i escolheamelhor: ponto A
¢ IR é composta pela unido de faces de S = plome
* Uma/a solugdo 6tima de BLMO estd num vértice de IR ¥
c

Algoritmo k-th best
Pesquisa {1 bases em S 1,
(incluindo bases degeneradas)

até chegar a R: ponto A

A Algquws pesubladas compulacionais:
RESULTADO TEORICO ——— ve Kb best

s L Problema ____F*__|#bases tempo(s) F obtido | #bases _tempo(s) F obtido
Problema multiobjetivo substituto (com p+ n; +1 fungaes objetivo) P o — —

—d? i1t 251010 61676 | 282 026 Gmo | 340 036  Gtimo
maxfib)=diy J=iLpzap Sd0d0 olees | 35 03 oimo | 8 om G
max Xx; i=1,,n €510.10 36619 | 143 042 Gtimo | 269 023 timo

n 451010 8891 | 39 039 Gtimo | 389 040 otimo
max 3z, (=) o i
2102020 29890 |-s0000 7622 251844 | 97826 418 Gtomo
sa: (x,y)€S b_10_20_20 550000 7103 173010 | »100000 5757
102020 550000 4054 293242 | >100000 5762
e —— — I - 4102020 369222 |ssoo00 5022 otimo | 29186 655 Gtimo
Proposigdo: (x',y") é admissivel de BLMO (i.e., pertence
: EiRgsn 2.5.50_50 S50000 5359 361424 | 100000 4509  [VINED
alR) sseAe uma sf)lugao eficiente do problema PPAOS. bo5_50_50 S0 — 5645 eamas| 1000007070
Corolario: existe pelo menos uma solugdo extrema €5.50_50 550000 5166 850070 | >100000  504.6
(vértice) eficiente de PMOS que é 6tima de BLMO. 9.5.50.50 psooto 51665 33436 | 2100000 5226
ALGORTMO PROPOSTOIE) ALGORITMG CONCLUSOES
Baseado no corolério, pesquisa todos ) Otimiza F(x,y) emS — + Principal desvantagem de VE: 0 esforco
o vérdses E’jﬂems de ‘F’:“'OS)E sol.candidata computacional cresce muito com n,.
seleciona 0 ponto com maior F(x,y): 5 = L 5 i =
%) Calcula f.ma 19 base Eﬁmme"de ) Verifica se a sol. candidata é « Principal vantagem de VE: ao contrério do k-th
PMOS, B® (otimizando uma soma eficiente de MOLL (x’ ‘).resolvendo best, pode ser usado ;?arcla.lmente para
pesada) e insere B na lista L um problema PL auxiliar encontrar uma aproximagdo da solugdo 6tima de
4C) Determina todas as bases B *  Se for, termina: 6timo de BLMO BLMO porque devolve sempre uma solugao

eficientes adjacentes a B’. Se B ¢ + Sendo, calcula todas as solugdes admissivel.

..., Ls entdo Ly « LyU{ B}. bésicas de S adjacentes a 0 algoritmo VE pode ser usado para calcular
£C¢) Repete )para cada B € Ly anterior; insere-as na lista Q todas as solugdes extremas eficientes de um
4it) Escolhe a solugdo de Q com maior qualquer problema de PL multiobjetivo.

F(x,y) para sol. candidata > ££)

[43 Calvete, H. and Galé, C. (2011) On inar bilvel probloms with mule
abjecives at th lowerleve, Omoga, 39(1), p. 33-40.
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Submissao #9

The determination of sets of short and dissimilar paths
Marta Pascoal, Maria Teresa Godinho, Ali Moghanni

We address the problem of finding sets of K paths, with K a given integer, that simultaneously consider two
criteria: the minimization of the total cost of the paths and the maximization of the dissimilarity between them.
The purpose of these objectives is to find low cost/distance/time solutions, but which are also fairly different from
one another, which are relevant considerations in applications that range from hazardous materials transportation
to cash collection. Two approaches are used to measure the dissimilarity of a set of paths: the extent of the overlap
of the paths, in terms of the number of times that each arc appears in more than one of them; and the number
of times that the arcs shared by two or more paths appear in that solution. The bi-objective problems resulting
from each of these approaches are modeled in terms of integer linear programs, and e-constraint methods are then
designed to solve them. Finally, computational experiments compare the results obtained by the two approaches
in terms of the efficiency regarding computational time and of the dissimilarity of the efficient solutions for each
problem.

Keywords: K alternative paths, Cost, Dissimilarity, IP formulations, Bi-objective optimization

Finding K shortest and dissimilar paths

Marta Pascoal'?3, M. Teresa Godinho*®, Ali Moghanni?

politecnico di Milano, 2University of Coimbra, 3INESC-Coimbra, *Polytechnic Institute of Beja, >CMAFcIO

T

®
Beja

ICMAFJ[o)

Motivation Method

Paths linking a pair of nodes may
have common parts - see the blue
and red paths below. However, for
applications from hazardous materi-
als transportation, money collection
or telecommunications, it is impor-
tant to have alternatives that share
few network resources, privileging
paths like the green and the red (or
blue). This characteristic is known as
dissimilarity and is often defined de-
pending on the application.

& .o::%-;il;c;:igo

Paths between a pair of nodes

Given a network (N, A) with ¢; > 0,
(i,j) € A and X the set of K paths
froms € Ntot € N, we address
the determination of solutions in X,
with goals:

B minimize the path’s cost

W minimize their similarity
where similarity is modelled as:
BMAR the number of arc reuses
BMAO the number of arc overlaps.
Both can be modelled by ILPs in X.
In BMAR we minimize:

Ms = Z cify, My = Z ujj
(iJ)eA (ij)eA

with f; the number of occurrences of
(i, j), and uj its number of reuses. In
BMAO we minimize:

K
M= 3" ¢y pe

(ieA o1
K
w=3 ()
(ij)eA p=1
where g = 1iff (i, j) € Aappears

in p paths, or g5 = 0 otherwise.

Proposition 1 Efficient solutions of
BMAR (BMAO) are loopless.

My and M3 (Ms) are conflicting cri-
teria, therefore we find a set of non-
dominated points for each model.

e-constraint algorithm

(v, y}) + ideal point for (£, f2)
(v, yl') « nadir point for (f, f2)
Ye = {0, )} x = )
eyl—n
while ¢ > y} do
x* « optimal solution for f; of the
constrained problem where f(x) <

icfr‘j(x*) > fi(x) then
| e+ YeU{(A(x). h(x)}
X ¢ x*
€ fH(x*) - A
Ye < Ye U{(i(x). ()}

YE stores the non-dominated points
as they are computed.

Number of non-dominated points and run

times (sec.s)
BMAR BHAD
e T Vel T
Rioos 408 32 2158 2159
Rioo 532 69 2484 368.7
Rug1s 519 6.6 2450 596.4
Rsos 701 25.0 303.5 62592
Rsgo.10 710 966 259.1 96340
Rsoous 714 206.1 158.7 57295
AR BHAO"
Ve[ T Ve[ T
Giz12 2191 5649 13342 36288
Ges 1318 3914 17165 20237.7
Giss 327.6 337.5 18732 4550.7

1975 205603
Frer 300 seconds.

fi, > aresetas Ms, My, r ively,
when solving BMAR, or Ms, M,, re-
spectively, when solving BMAO, be-
cause M; (M:) has a smaller range
than Ms.

A = 1because M; (Ms) s integer.

BMAR and BMAO run with CPLEX 20.1
on a PC @3.7GHz, 128GB of RAM.
The results are averages for K = 20
on 20 instances of each type:
® Random graphs, R,q, with
n =100, 500 nodes and m =
dnarcs,d = 5,10, 15.
W Grids, Gpq: p X q = 4 X%
36,12 x 12,5 x 45,15 x 15.
For (i,j) € A cj € {1,2,...,100}.
The comparison focuses the number
of non-dominated points (| Yg|) and
theruntime (T). The sets of K paths
are also compared for M3 and the av-
erage dissimilarities (D), based on:

L(pi
Diprpy) =1 4 (400
wnon)
o

with L(p) the number of arcs in p.

Cost-dissimilarity and decrease of BHAR with
respect to BMAO (%)

BMAR was faster than BMAO. It found
fewer points and solved easier sub-
problems. Besides:

B In random instances BMAO
produced  solutions  with
better dissimilarities and a
wider costs range.

In grids BMAO produced more
dissimilar solutions. In square
grids BMAR led to a wider costs
range; the opposite occurred
in rectangular grids.

Both models are complementary
and useful for finding sets of dissim-
ilar and short paths.
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Submissao #10

Crew rostering with fair satisfaction of personal preferences
Ana Wemans, Ricardo L. Saldanha

We address the personalised crew rostering problem in a context where each employee has its own skills, seniority
and preferences and where optimisation goals include covering as much work as possible, maximise preference
satisfaction and fairness. Previous work addressed only two extreme particular cases: the case where fairness
means equal distribution of preference satisfaction, which is only valid in contexts where all employees prefer the
same thing, or the case where fairness means uneven distribution but according to strict seniority, which is a
context where employees don’t really compete among themselves for the same work assignments. We propose an
approach based on large neighbourhood search, dynamic programming, integer programming and a multi-item
auction model for addressing a more generic case where employees may prefer different things and where seniority
may not be strict. We evaluate the approach with real world data.

Keywords: Personalised crew rostering, Fairness, Crew preferences

Crew Rostering with Fair Satisfaction
of Personal Preferences

Ana Wemans and Ricardo L. Saldanha, SISCOG - Sistemas Cogni vos, SA

9 & d .
J'.vatio 'y 9 Challenge w2/

More prefqrenrequ sts mea
strength for each reque

(L7
e = s-awm

s prot s prot s pret Gl

instance  Early  Late Nig
dutes  cuies  duges

Sat prefs

Prefsat Lo Work
Fairly Prefsat Pref sat

senio
1 - wg - foad
Evogl\y by avg  osdop

11 100% 0% o X
12 100% 0% 0%

Results and conclusions L3 l00% 0% 0%

36.61% 36.61% 18.98
36.61% 36.61% 219
36.61% 36.61% 18.36

xS

X
X
X
21 33% 33% 33% X X 66.55% 25.98% 14.31 4.49
Table 1 shows the resul!s of running our ;z :i: :i: ix : \; ::x Zﬁ;‘: 1232275 :j:
prefer the same thing (1. x) or di erent thlngs =) s 3wh X AT - B
(2.x) and where pi Tavle &
activated or not and is combined or not wnh
other goals, namely even distribution of The following conclusions can be drawn:
workload (seniority). « This model increases the global satisfaction (2.2 vs 2.1)
i is by the + The model increases the fairness in preference satisfaction
deviation of preference satisfaction (1.2vs1.1)
(smaller standard deviation means that + The model performs well when combined with other objectives
[ is more evenly distril (2.4vs 2.2 and 2.3)

eferences and footnotes:

. n
10 202] 111D, Wedeiin. rge scale 0-1 scheduling. Ann. Oper. Res, 57(1), 1995,

[21S.Imeh et Shonestpain vwhlemsw\lh esource consrant Column Generaon. Sprnger, 2005
MG ets 19 Gabriele Demange et al. Mol auctons. 3 Pt Econ, 4(4), 1
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Submissao #11

Um conjunto abrangente e modular de modelos MILP da operacao de cargas
para otimizacao da resposta dindmica da procura de energia elétrica
Carlos Henggeler Antunes, Maria Jodo Alves, Inés Soares

A resposta dinamica da procura permite acomodar maior quantidade de geragdo de energia elétrica de origem
renovavel, por sua vez essencial para descarbonizar a economia e mitigar o aquecimento global. Os consumido-
res/prosumers estardao cada vez mais expostos a precos de energia diferenciados no tempo, destinados a induzir
mudangas nos padroes habituais de consumo. Os modelos de otimizac¢ao a implementar em sistemas auténomos de
gestao de energia requerem uma representacao rigorosa do funcionamento das cargas para obter solugbes respei-
tando os seus principios fisicos de operacao e padroes habituais de uso. Neste contexto, é necessario um equilibrio
entre o detalhe dos modelos e os requisitos computacionais para gerar solugoes em processadores de baixo custo.
Esta comunicagao apresenta um conjunto abrangente e modular de modelos de programacao linear inteira mista,
permitindo a sua incorporagao em sistemas de gestao de energia para a otimizac¢ao integrada de todos os recursos
energéticos (trocas com a rede, gestao de cargas, veiculo elétrico e bateria estacionaria , microgeragao local). Sao
apresentados modelos de otimizagdo para cargas cuja operagao pode ser deslocada no tempo, interruptiveis e
termostaticas. Estes modelos podem ser utilizados de forma modular em modelos globais com diferentes fungoes
objetivo considerando as dimensoes economica e de conforto.

Palavras chave: Resposta dindmica da procura, Modelacao de cargas, Programacao linear inteira mista

Um conjunto abrangente e modular de modelos MILP da ~ swumesee

operagao de cargas para otimizagao da resposta
dinamica da procura de energia elétrica

Carlos Henggeler Antunes *3, Maria
Jodo Alves 23, Inés Soares *
1Dep. Eng. Eletrotécnica e de Computadores,
Univ. de Coimbra ; > CeBER e Faculdade de
Economia, Univ. de Coimbra ; *INESC Coimbra

- Resposta dindmica da procura permite acomodar mais geragdo renovavel

- C p a pregos de energia diferenciados no tempo
= induzir nos padrdes is de
- Modelos de otimizagdo a impl: em sistemas de gestdo de energia (AHEMS) > representagéo rigorosa
do funcionamento das cargas para obter solugdes respeitando os principios fisicos de operagéo e padrdes habituaisde uso
- Equilibrio entre o detalhe dos modelos e os requisitos computacionais para gerar solugdes em processadores de baixo
custo funcionando continuamente

Prosumer

- Otimizacdo integrada de todos os recursos energéticos: trocas com a rede, gestdo de
cargas, veiculo elétrico e bateria estacionaria, microgeragao local
- Modelos de otimizagdo para cargas: 1) cuja operagdo pode ser deslocada no tempo, 2)
interrompiveis, 3) termostaticas
- Utilizagdo modular em modelos globais com
econdémica e de conforto

.

fungdes

i
Lot

Varidveis de controlo vs. variaveis de estado (¢ = 1, ..., T);

Slot de conforto do consumidor: [Ty, .., Ty, | (podem existir miltiplos slots)
Modelo 1: s, = 1,seacarga j inicia o funcionamento em ¢
J = it =Ty Ty dy + 1

]
Zer, Sse=1.J=1-] B
PP=3 st GirSjerin = L 6 =Ty Ty,
=0, oy E<Ty VE>Ty, | )
e €01}, =1, t=Ty,.Ty, —

Modelo 2: varidveis de controlo w;,, = 1 se a carga j est on na fase r do seu ciclo de
operagao em t (dentro do slot de conforto).
Restricdes para modelar a operacéo de cargas deslocéveis:

-sea carga j est on em t e na fase r < d; do ciclo de operagao, ento deve estar on
emt+lefaser+1,r=1,.,(d-1)

- cada carga j funciona uma Gnica vez na fase r e dentro do slot de conforto

-a cargaj deve iniciar o funcionamento o mais tarde em Ty, — d; + 1 de um slot de

conforto, assegurando que 3o acaba depois de Ty,

0 Modelo 2 tem mais varidveis, 1269

mas as restrigdes sdo mais legiveis.

[ #var bindrias ]

320
15675
0564

156.466

Variéveis de decisio e auxiliares (¢ = 1,..., T):
;= varidveis de controlo on/off
6i"= temperatura interior (2C)
e, 2= variéveis binarias para modelar as condigdes logicas de funcionamento
do termostato com histerese:
ye=1if gt < gmex;
Z=1if 6" > gmin

0" = (1= ) 0y + B O +y P45,y e
" = o™ — M LS
Ot < ™" + Mz, t=1,..,T =

6" > 6M% — My,
Ze+ Y =S tsp < 2
Ze+ Yt S-S < 2
Ot < O™+ M (1~ 5;)

,= controlo on/off do elemento resistivo em t (PF¥! = Py v,)
Posses= perdas através da envolvente em ¢ (kW)
7= temperatura da 4gua quente no tanque em ¢ (2C)

0 consumidor pode estar disposto a sofrer algum desconforto em relagéo
a uma gama de conforto da temperatura da dgua 7/, THeY],
penalizando o respetivo desvio na fungdo abjetivo.

0 estado on/off considera a retirada de 4gua de acordo com um dado
padrio de consumo, temperatura da dgua da rede, perdas através da
envolvente.

Para além das trocas térmicas consideram-se restrigdes sanitaias:
aquecer a 4gua a uma dada temperatura durante um tempo especificado.

IIHMNWLM ‘M{%

Trocas grid to home (PF2H) e home to grid (Pf2%)

Evolugio da carga da bateria estaciondria (EF) e do VE (EY)

Evolugdo da temperatura interior (6{") e do EWH (r,)
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Submissao #12

How to reach an optimized and sustainable Blood Supply Chain network?
Ana Torrado, Ana Barbosa-Povoa

Blood has a prominent role in human life. However, blood is scarce, perishable and not replaceable. Blood dona-
tion system must deliver enough supply of blood to the hospitals. An effective collection of blood from donors and
a suitable blood production is vital to satisfy the Blood Supply Chain (BSC), to optimize a fair blood usage and,
consequently, to reduce shortages, outdates and wastage. In this work we develop a location-allocation model
for the design of a sustainable and strategic-tactical BSC. We aim a balancing production of the different blood
types, considering the social and the costs dimensions. The model incorporates the blood donor’s allocation to
the different facilities; the patient’s allocation (while receiving RBCs, PLTs, PLS) to the healthcare facilities and
the remaining capacity for satisfying demand and supply. Data available in the NHS of Portugal illustrates the
applicability of the proposed model, serving as a validation tool.

Keywords: BSC, Sustainability, Location-Allocation, MILP, Optimization

O e (G

How to reach an optimized and sustainable Blood Supply
Chain network?

Ana Torrado®, Ana Barbosa-Pévoa®
SCEG-IST, UTL, Av.Rovisco Pais, 1049-001 Lisboa, Portugal
* Corresponding author: ana.torr @ist.uli .ot

Research Questions

Motivation

+ Blood Supply Chain (BSC) network presents different phases,
such as the blood collection, testing, processing, inventory,
distribution processes and transfusion (Belién and Forcé 2012;
Osorio et al. 2015).

* As a result of collection alternatives, different geographical
situations and the growing of costs (e.g., shortage, storage,
social), achieving an optimal and sustainable BSC network
design (BSCND) is challenging.

+ Regarding the social indicators, literature tends to dedicate
attention to the number of fixed and variable jobs. Concerning
the environment indicators, there is the need to evaluate the
environmental impacts caused, e.g., by establishing the
different infrastructures/shipping the blood units, wasted
blood units.

* Where to locate and how to allocate the blood facilities to satisfy
demand/supply in a sustainable way?

+ How to incorporate social indicators and cost concerns in the
sustainable BSC design?

Objectives

+ Propose a novel BSC design with multiple products and the
application of optimization.

+ Support the estimation of demand/supply of blood in the context of
a sustainable BSC, to easily detect the available capacity, allow the
calculation of sustainable utility in blood collection for donors and
add insight to avoid delays to patients.

* Capture social, cost indicators (in the network) and indirectly
environmental concerns.

Key aspects of the model:

. MIp T « 1% stage: Minimize the total cost of travelling from a
a ] s | disrict to a faclty with blood services, adding
Distrigts Collectic o fat itie i i
(ol e roduction i T e ::;1::::; ;It;odservlusandthelotalmsla':ddmg
; i -
8 o~ Locations 2% g, Locations | )
Shé = st Hosptal, = * ¥ ¥ fuf |+ 21 stage: Find the product flow from blood centers
¢ so- =1 . i
ey patinss |0 hospitals with blood services which has minimum
. CELD = production and transportation costs.
] ’@ Man SR || Hoseitl Ll % Constraints: Demand (facilities), Supply (facilities),
e e Centers i Ll =1 Blood facilties capacities, Additional blood facilies
oot i Tansportation &% | | umeteswwee 3, Patients | capacities, Production capacity, Production rate

constraint.

Results ¢ Conclusions

Mmoo fachies neced by it o Bood Companens

’ e || {2 €@
i i m . =3 . - ® 26% Demand
i ! ” . . 14 Facilities
LT T

2% stage:
about which and number of healthcare facilties with blood services ¥ EXploration on the current production /
¥ Determination related to the optimal location of blood facilities to minimize the distribution network R ol 2012 etk Ot AL D
cost of adding blood services + Optimal blood type flow achievement srs s S s, s . i A S
¥ Prediction related to the allocation of donors/ patients from a specific district ¥ BSC network able to improve the Sl JaeheRmt oAU e o
service level of the demand  vol 53 no- 26, Toyor & Francs, 2015, pp. 7191212,
o1 1010R0/00207543.2015.1005766.

Belitn, Jeroen, and Hein Forc. “Supply Chan Management of Blood
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Submissao #13

Analysing the export potentials of the Portuguese footwear industry by Data
Envelopment Analysis
Dimitrios Sotiros, Maria Silva, Vasco Rodrigues

Exports are widely believed to play a central role in economic development and firms’ profitability, particularly
in countries with small domestic markets. With that aim, governments and firms spend considerable resources
on international promotion. Identifying the markets with the greatest potential for export growth is therefore
crucial for an efficient allocation of public and private resources. In this paper, we propose a Data Envelopment
Analysis framework to identify trading potentials with existing trading partner countries within an industry. To
illustrate its applicability, we use data from the Portuguese footwear industry. Specifically, among the countries
that currently import Portuguese footwear, we aim to identify those that have the greatest potential for increa-
sing their imports from Portuguese footwear in terms of revenue. We further decompose this potential into price
and quantity changes to provide strategic directions to the Portuguese footwear industry. For the analysis, we
use panel data of 64 countries analyzed over the years 2011-2018. The results reveal that higher potentials lie
among the countries of the European Economic Area. Overall, these potentials may be achieved through different
price-quantity strategies.

Keywords: Trading and exports, Data Envelopment analysis, Export performance

Analyzing the export potentials of the Portuguese i°202-|
footwear industry with Data Envelopment Analysis AT e
D. Sotiros, M. Conceigdo Silva, V. Rodrigues @

What do we want to know

Can Portuguese footwear Industry increase its exports to other countries? What
countries should it bet on?

2. Which should be the aimed revenue and should it be achieved by increasing
prices, by increasing quantity or some mix of both?2

How do we get to the answers?2

Decomposing revenue targets into
quantity and price changes

nin  dyoel + dyoel
e

EA revenue model of Tone 2002

max eV, [
Vo "
Vro
s.t. 6y, =
XA<X, ro
VAz=T,
e,,/} =1 Any pair of (6, 6q) such that 6,,,8,, = 675, will provide the
AV,=0 optimal revenue.

/ setting dyro = |1 = Bpyro| and dyro =
[1=6yrol.

Which sort of data and variables do we use?

Outputs
Total value of imports of Plastic & Rubber footwear
from Portugal

Total value of imports of Leather footwear from
Portugal

1694208 6233 8683
o7 e s 024 amm g5 208 o7

156215 44 26 184 080 onz 025 005
asase 1075 a2 1926 471

Total value of imports of Textile footwear from

Category Description Number of  Assessed with
entries

(EEANPL) €A Countries whose spoken 230 (NegaNpL)
language i not Portuguese

(Neenpy = (NegaNpL)

2011-2018 data for 63 countries Neea-

NeL)

NonEEA Countries whose 202
spoken langusge i not

ere is a large potential to increase Portuguese export revenue — mainly to EEA countries (Italy, UK,
ium, Austria, Poland and France are among the ones with bigger potential within EEA countries

erent strategies are proposed to countries to achieve they revenue potential. For leather shoes
géxample, in some cases prices should decrease and quantities increase (Italy), in other prices
d increase and quantities too (UK).
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Submissao #14

Limites aos custos num modelo de Joint Replenishment Problem com itens
sujeitos a obsolescéncia
Ricardo Afonso, Pedro Godinho, Jodo Paulo Costa

Uma familia de diferentes tipos de itens a encomendar pode ser constituida, entre outras razoes, por os itens terem
um fornecedor comum, serem entregues no mesmo meio de transporte ou serem produzidos na mesma unidade
fabril. O Joint Replenishment Problem (JRP) debruga-se sobre a problematica de coordenacao de encomendas
com o objetivo de minimizar o custo total, composto por custos de encomendar e custos de posse, garantindo
a satisfacdo da procura. A complexidade deste problema aumenta quando os itens estao sujeitos a processos de
obsolescéncia. Isto decorre do facto de os itens poderem sofrer uma queda abrupta da procura por deixarem de ser
necessarios, devido ao rapido avango da tecnologia, ficarem fora de moda, ou deixarem de ser economicamente via-
veis, por exemplo. A presente comunicagao considera uma extensao do JRP onde os itens podem repentinamente
tornar-se obsoletos. A procura é assumida como constante e os tempos de vida dos itens seguem distribuigoes
exponenciais negativas. Pretende-se, assim, otimizar o custo total atualizado esperado. Além da apresentagao do
modelo, abordam-se ainda algumas propriedades que podem conduzir ao desenvolvimento de aproximagoes para a
obtengdo de solugdes de forma mais eficiente, tais como a defini¢do de limites inferiores e superiores ao custo total.

Palavras chave: Gestdo de stocks, Joint Replenishment Problem, Obsolescéncia

Ricardo Afonso,
Pedro Godinho, |
Jodo Pavlo Costa, Us

Joint Replenishment Problem
Aquisigio de N itens diferentes a um fornecedor, tendo em conta:
Custo fixo de emissdo de encomenda (4)
Custo fixo por tipo de item i incluido na encomenda (a;)
Custo unitario de aquisi¢ao dos diferentes tipos de itens (c;)
Custo de posse unitario por tipo de item i por unidade de tempo (;)

Objetivo: minimizar o valor esperado do custo total atualizado

Varidveis de decisdo:
> 0 periodo (ciclo base) entre encomendas (T)
> O ndmero de ciclos base entre encomendas de cada tipo de item i, isto
& kiparai =1,..,N,talque T, = kT ek; €N

Itens sujeitos a processos de obsolescéncia repentina
Procura colapsa quando os itens deixam de ser necessarios para os produtos
ou sistemas para os quais foram adquiridos (Afonso et al., 2022)

Pressupostos

> O tempo de vida dos itens é estocstico, seguindo uma distribuigdo
exponencial negativa. Cada tipo de item i tem uma taxa de
obsolescéncia 8;

> A procura por unidade de tempo é constante

> Os custos incorridos 53 atualizados de acordo com uma taxa de
desconto &

> Nio sio permitidas ruturas de stock

> Nio ha descontos de quantidade

> Os custos de posse sio proporcionais 4 quantidade em stock

> As entregas séo instantaneas e o lead time é nulo

Formulagdo
Adeterminagio do valor esperado do custo total atualizado tem em conta
quer a possibilidade de a obsolescéncia ocorrer durante o ciclo T quer a de
ocorrer apés o ciclo T.
Custos incorridos durante o ciclo base T
W=Co+Ca+Cy

em que

> €, = A+, a; « custos fixos de encomenda

» Ca = EN, ciDikiT « custos de aquisigio

1)

« custos de posse
Custos incorridos apés o ciclo base T
Apés o ciclo base T & necessario considerar todas as combinagdes possiveis

em que pelo menos um dos tipos de itens sobrevive, ou seja, em que pelo
menos um dos tipos de itens no se torna obsoleto. C ha

Hi E b UBSULESEENBIA

Objetivo do modelo

W, +e ’”E(Ef’ ot \u,)
mipE [v(s T, (ky, .. V))] (

2-(6+s.kn.,+y~k~)1)

Determinagdo da solugdo

Procedimento iterativo e recursivo para determinar ..

Durante a primeira iterago otimizam-se 0s casos em que apenas um tipo de

item sobrevive ao ciclo base T. Na segunda iteragdo, os valores da primeira

iteragao sio utiizados para otimizar os casos em que dos tipos de itens

sobrevivem. O procedimento continua até a iteragio N em que o valor 6timo
*[V(S,T, (ky, .., k)] é determinado.

Exemplo para N = 2:
Yok T B )| le=es0rar(a — e=om)]

A= oo

Resultados

Risco
—m

Limites para simplif
Verifica-se que lim W, = 0, dado auea componente.

Myes(1—e™47) =11 Mes(1

constituida pelo produto de N termos menores do que 1.

Limite inferior

Considerar apenas os valores esperados dos custos atualizados relativos a0
ciclo base inicial T e os custos esperados dos demais ciclos em que apenas um
dos N tipos de itens sobrevive, isto é,

Limite superior

Partindo do principio que a reposigdo coordenada é melhor que a
independente, considerar os custos atualizados esperados dos N tipos de itens
assumindo que 3o encomendados independentemente com k; = 1,V isto &,

un:Zﬁ'lv(m r(®).)]

S E[V(S. T, (ky, .. ky))| S UB

Logo,

de aplicagdo dos limites

que considerar os casos em que apenas um dos tipos de itens sobrevive, 0s
casos em que apenas dois dos tipos de itens sobrevivem, e assim
sucessivamente, até ao Gltimo caso em que todos os tipos de itens
sobrevivem.

0s custos incorridos apés o ciclo base T em que m (1 <= m <= N) tipos de
itens sobrevivem s30 expressos por:

Subconjunto com
mtipos de tens

R G

Valor timo mtpos N=m tipos de
quando os tipos de tens do

subconjunto B G § sobrevivem 3o || subconjunto B S § S48 € S ndo sobreviverem ao ciclo

cilo base T sobreviverem aocidobase T | [base T

Resultados obtidos com os limites propostos para cenirios envolvendo 3
produtos:

s 1soses
S 1208652

s 1251120
s 7 S 1894836
S 666787 $ 1198075 5 1468677
S 987580 $ 19089,51 $ 2229178
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Submissao #15

Weighted proximity search
Filipe Rodrigues, Agostinho Agra, Lars Magnus Hvattum, Cristina Requejo

Proximity search is an iterative method to solve complex mathematical programming problems. At each iteration,
the objective function of the problem at hand is replaced by the Hamming distance function to a given solution,
and a cutoff constraint is added to impose that any new obtained solution improves the objective function value.
A mixed integer programming solver is used to find a feasible solution to this modified problem, yielding an
improved solution to the original problem. We introduce the concept of weighted Hamming distance that allows
to design a new method called weighted proximity search. In this new distance function, low weights are associ-
ated with the variables whose value in the current solution is promising to change in order to find an improved
solution, while high weights are assigned to variables that are expected to remain unchanged. The weights help
to distinguish between alternative solutions in the neighborhood of the current solution, and provide guidance
to the solver when trying to locate an improved solution. Several strategies to determine weights are presented.
The proposed weighted proximity search is compared with the classic proximity search on instances from three
optimization problems leading to very promising results.

Keywords: Mixed integer programming, Matheuristic, Local search

L3
v 2202
AT WORLD

) Weighted Proximity Search

Filipe Rodrigues, Agostinho Agra, Lars Magnus Hvattum, Cristina Requejo

Proximity search

Proximity search (PS) is an iterative method proposed in [1] to
solve complex optimization problems involving binary variables.
At each iteration, the objective function is replaced by the
Hamming distance function (HDF) to a given solution, and a cut-
off constraint is added to impose that any new obtained solution
improves the objective function value. Formally, the original
problem and the modified problem can be formulated as follows:

min f(z,y) min Az, 7)
st gi(x,y) <0, iel, =) st fle.y) < f(2.9) -0,
v € {0,1}", gi(x,y) <0, i€l
yEeR X Z! r e {0,1}",
yeRM x Z1

where x is a set of structural binary variables, y is the set of the
remaining variables, (%,y) is a feasible solution, 6 is a predefined
cut-off tolerance, and A(x, %) is the HDF defined as

A E) = Z X+ Z (a-x)

JjeNTRj=0 JeNTR =1

The weighted proximity search

The PS aims to improve a given feasible solution (x,y) by
exploring its neighborhood, where the closest neighbors are those
that minimize the HDF. However, since all variables x; have
coefficient one in the HDF, no additional information is provided
to the MIP solver regarding the quality of the current value of the
variables. To guide the PS, we introduce a new distance function,
called weighted HDF, defined as

8,00 %) = Z wyx; + Z w1 —x))

JENTRj=0 JeNTRj=1

where a weight w; is associated with each binary variable x;. The
weighted HDF intends to inform the MIP solver about which
variables are more promising to change for finding an improved
solution. Hence, higher weights should be assigned to the variables
whose change is less promising, while lower weights should be
associated with the variables whose change is more promising.

Define the weights
To define the weights, we propose both static and dynamic
strategies, see [2] for more details.
Static strategies:
¥ Consistent variables identication - several feasible solutions
are initially obtained, and the weight of each variable is
defined according to the number of times such a variable
takes value one and zero in the obtained solutions.
¥ Linear relaxation proximity — the weight of each variable is
defined based on the distance of the current value of such a
variable to the value it takes in the LP-relaxation solution

vLinear relaxation loss — the weight of each variable is
computed taking into account the LP-relaxation value and

Dynamic weights:

v Recent change indicator — the weight of each variable is
determined considering if such a variable has changed its
value in the previous iteration or not.

v Weighted frequency — the weight of each variable is
calculated based on the relation between all previous values
assumed by such a variable and the value of the
corresponding solutions.

v Loss/saving (LS) - the weight of each variable is computed
according to the loss/gain in the objective function caused by
flipping the current value of such a variable while keeping
the remaining variables fixed to their current value.

Weights discretization

The weights defined may assume a wide range of values, which
may be undesirable. Hence, after computing the weights, we
mapped them into a three-value system such that w; € {1,5,10}.

Computational results

‘Among all the strategies used for defining weights, the LS strategy
revealed to be the best one. Here, we only present the results for
the weighted PS combined with this strategy for the p-medium
instances, however, we perform experiments in other two sets of
instances: set covering problem and stochastic lot-sizing. We
compare the proposed weighted PS against the classic PS and
Xpress. The comparison is made using two quality measures:
primal integral approximation and signal metric. The first measure
is related to the gap between the obtained solutions and the best-
known feasible solutions, and therefore, lower values are better.
The signal metric is related to the percentage of times the solution
of the PS and weighted PS is better than the one obtained by
Xpress, and therefore, higher values are better.

Conclusions

The LS strategy proved to be the best one for defining weights.
The proposed weighted PS combined with the LS strategy clearly
outperforms both the classic PS and the Xpress (ran by 1200
seconds), which makes this new method very promising to solve
complex optimization problems with binary variables.

References
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the value obtained by solving the LP-relaxation problem
with the value of such a variable fixed to its current value.
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Submissao #16

Apoio a decisao no escalonamento da producao de capsulas de rosca em
ambiente flexible job shop

José Filipe Ferreira, Rui Borges Lopes

Este trabalho foi elaborado numa empresa de produgio de capsulas personalizaveis para garrafas, mais especifi-
camente no departamento de producao de capsulas de rosca vinicolas, cuja produgdo é do tipo flexible job shop.
Devido ao elevado crescimento do departamento da empresa em analise, tanto ao nivel do nimero de encomendas
como de equipamentos, o escalonamento da produg¢ao tornou-se progressivamente mais complexo. Esta comple-
xidade levou & necessidade de desenvolver um sistema de apoio a decisao, baseado num modelo de programagao
linear inteira (PLI), que permitisse considerar as principais caracteristicas do ambiente de produgdo. O modelo
desenvolvido foi implementado em CPLEX, tendo sido testadas duas fungoes objetivo distintas: minimizac¢ao do
makespan e minimizagdo do nimero de encomendas em atraso. Este modelo foi integrado com uma folha de
Excel, a modo de receber inputs, assim como fornecer os dados num formato mais facilmente interpretavel pelo
decisor, neste caso sob a forma de um grafico de Gantt. O modelo foi validado com instancias reais, obtidas do
historico da empresa, tendo-se verificado uma redugao de cerca de 20% nos atrasos de encomendas relativamente
ao escalonamento efetuado.

Palavras chave: Sistema de apoio & decisdo, Escalonamento, Flexible Job Shop Problem

ANALYTICS ForA
(k —BETTERWORLD
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José Filipe Ferreiral e Rui Borges Lopes?

IDEGEIT, de Aveiro, .pt
2DEGEIT/CIDMA, Unit i de Aveiro, rui pt
Introdugdo As restiigoes c1 540 as restrigoes de precedéncias entre operagdes consecutivas da
Trabalho elaborado numa empresa de produgdo de capsulas personalizaveis para mesma encomenda. 2 esté relacionado com as maquinas alterativas para uma dada
garmatas, mais especificamente no departamento de producdo de capsulas de rosca operagdo. Devido a c3 no poderdo haver sobreposides nas maquinas.
vinicolas, cuja produca é o tipo flexible job shop. Os conjuntos de restrigoes c4 e c5 dizem respeito a especificidades da empresa.

Devki 5 b Kabobis 2o doons 2 cerb0es deva st rocessados e Theamd
_ i G ot Ex resighe eoh rocined o encorandas mls Smes om
— (e apetas & reslzada a pronsagom & o reconescom oo o dico. O modelo
s G C5cohe & pimelta magna para  aperachs de prensagem, sendo Qs & operaco
| seguinte (recartiihado) tem que ser realizada na méquina da mesma linha. O mesmo

. e e s operacoes seriyaos o 0po & cort o simiina
Por fim, o conjunto de restrigdes c5 esta relacionado com encomendas mais simples e
‘com a maquina de impressdo topo, sendo que apenas existe uma maquina. Uma vez
‘que a maquina esta na linha 1, trabalhos que necessitem de impressdo do topo sem

ser dalinha 1.

i

Sistema de apoio a deciso e resultados

© modelo desenvolvido foi integrado com uma folha Excel, de modo a receber inputs,
assim como fornecer os dados num formato mais facilmente interpretével pelo decisor,
neste caso sob a forma de um grafico de Gant,

Produto acabado

=
IR KRl
-

Devido ao elevado crescimento do departamento da empresa em andlise, tanto ao
nivel do nimero de encomendas como de equipamentos, o escalonamento da
Produgao tomou-se progressivamente mais complexo (como exemplo, 0s produtos
mais simples tém até 18 caminhos possiveis). Esta complexidade levou & necessidade
de desenvolver um sistema de apoio a decisdo, baseado num modelo de programacio
linear inteira (PL), que permitisse considerar as principais caracteristicas do ambiente
de produgdo.

© modelo foi validado com instancias reais, obtidas do histérico da empresa, tendo-se

verificado uma redugao de cerca de 20% nos atrasos de encomendas relativamente ao

escalonamento real. Com a ferramenta é possivel efetuar um escalonamento semanal

‘em menos de 30 minutos. Quanto &s duas fungdes objetivo testadas, concluiu-se que
tardiness era a d

Modelo
© modelo foi desenvolvido na linguagem de programagdo CP, tendo por base um
exemplo fornecido pelo prprio CPLEX. Este exemplo foi modificado por forma a estar
totalmente adaptado 4 realidade do chao de fabrica da empresa. Testaram-se duas
fungdes objetivo: minimizagdo do makespan; e minimizagao do nimero de
encomendas em atraso (tardiness).

Conclusdes
Este trabalho consistiu no desenvolvimento de um sistema de apoio & decisao na drea
da_produgio, mas especificamente, no escalonamento das ordens de fabrico. O
sistema obtido mostrou-se um apoio a0 decisor importante, dada a complexidade
crescente do sistema de produgéo em causa.

CIDMA
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Submissao #17

Melhoria da equidade no planeamento de ambuléancias a nivel tatico e
operacional: um modelo de otimizacao orientado por dados.
Paulo Abreu, Daniel Santos, Ana Barbosa-Pdvoa

O planeamento de ambulancias envolve um conjunto de problemas de planeamento interrelacionados abordados
a nivel tatico e operacional de forma independente, onde se incluem problemas de localizagdo e de realocagao das
ambulancias. Estudos recentes tém estudado a incorporacao de equidade no primeiro problema onde as decisoes
sao tomadas num horizonte de planeamento de médio prazo; contudo, estes estudos demonstram a existéncia
de um desequilibrio em termos de equidade e eficiéncia. Por outro lado, o segundo trata de decisoes que sao
tomadas a curto prazo e centra-se na atualizagao da correspondéncia entre a oferta e a procura. Reconhecendo
as caracteristicas dos problemas e o facto da equidade ser um objetivo emergente a ser alcangado, propde-se um
novo modelo dindmico de otimizagao para lidar com ambos os problemas em simultaneo, visando ultrapassar a
questao da ineficiéncia. Para além do novo modelo, propoe-se uma abordagem que explora a equidade a par-
tir de diferentes perspetivas, nomeadamente vertical e horizontal. Resultados computacionais mostram que tal
abordagem contribui para melhorar a equidade de ambos os lados, pessoal e populagao, e demonstra que as rea-
locagbes resultam num beneficio que nao é linear, explicando a resisténcia dos decisores em executé-las na pratica.

Palavras chave: Servigos de Emergéncia Médica, Equidade, Problema de Localiza¢do das Ambuléncias,
Problema de Realocagao das Ambulancias, Programacao Linear Inteira Mista
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~ Improving equity in ambulance planning at the tactical and

* operational levels: a data-driven optimization model.

Paulo Abreu”, Daniel Santos®, Ana Paula Barbosa-Pévoa® ‘paulo.abreu@tecnico.ulisboa.pt
“CEG-IST, Instituto Superior Técnico, University of Lisbon, Lisbon, Portugal

Locations of ambulance bases in Lisbon and their synergy graph

Ana\yzas value added from different perspectives of equity in resource
_ allocation.

Objective
Study new equity approaches for ambulance planning at the tactical and
‘operational levels.

Motivation System characteristics:

Resources:
The models available on the lterature assumes + 3working shifts of 8h/day + 20 bases
that planners are willing to accept the number Equity « Two priority levels: P1 - Emergent | |+ AMBSIV vehicles: 1(M), 1(E), 1(N)
of relocations defined by the models, and situations; P3 - Urgentsituations. « VMER vehicles: 3(M), 3(E), 3(N)
resource allocation must be from a single « Does not explore relocations + AEM vehicles: 14(M), 13(E), 7(N)
equity perspective. (Aringhierietal., 2017).

moming M) evening EX nighi (V)

The results of Mclay and Mayorga (2010) appoint that \cca(mg
@ ring Dispatch combinations:
similar response times to all the users, is an lmDIIC\I way to _— =, >, -,
incorporate equity resulting in a Prioriy Tovel Vehicls typos N5
P AEM + VMERevAMBSN i . Sat
Jagtenberg and Mason (2020) and Jagtenberg et al., VMER +. l ( ]

(2021) explored the Bernoull-Nash measure of ’/” ’ P3 AEM or AMBSIV

social welfaro 1o propose time sharing between

bases in order to make beller use of idle vehicles, | v \\ R

however, it lacks a criterion to establish such Y X ’"/ m
collaboration betwoen ba

Sensitivity analysis of parameters wyy

oo rosls nicates nat ho opama

solution imposes the wholo system
underthe vertical equty

« Allowing one relocation for AEM and |
AMBSIV vehicles (AEM=1, VMER=0, |
AMBSIV=1) during each fime_period

in = 4.2% when compared wih a stalic
EM=0, VI )

Continuous variables w;grﬂv\ oNABMaOVHERS

., Time share tha vehicles of type v housed at base b should dedicate
gty d, t

analysis of MazRelocs and Wy

* The worst coverage-equity measure is
abserved imposing ihe horizontal squty 1o
howholo sy

w, Equity perspective explored for vehicies of type v housed at base b
Integer variables

. Quantity of active vehicles of type ¢ housed at base b during time period
it

+ Additional relocations for AEM vohiclas
o and working shift s

foa margina ncroase losserhan 1 0%
Inthecoverage-equity measure.
iz}, Quantit of stand-by vehicles of type v housed at base b during time period ¢ .
- The balanced perspectve aone
R, Quantity of vehicles of type v removed from base b during time period t Pllediomgiser <o roiad st
fourth hypothesis based on systom
characiersicswithan incroase of = 3 8%

Conclusions and future work =

« The resuls help to explain why kers are unwillin
100l tha explors reocalions and approach equy only rom i horzonta
Equity constraints perspective.
+ The lack of efficiency
teTaes ambulance planning is overcome by addressing the Ambulance Location and
Relocation Problems simultaneously.
+ Relocations help balance the workload by exploring equiy in view of statf, while
different equity perspectives allow planners to explore equity in view of

R}, Quantity of vehicles of type v added to base b during time period ¢

Proposed scenarios to explore different equity perspectives. RO woiniaee]
W Equity oo « Simulation of the solutions to measure the improvements in terms of response
bv mnp«:ﬁvu e times and exploration of other case studies.
Fleatwih a small umber of veficies of the same type, or
00 Moenal siuations inwhich Acknowledg \ts
Fleet with a large number of vehicies of the same type, or We thank the Portuguese EMS provider (INEM) for all the
05  Balanced situations in which vehicles are housed at bases that meet clarifications and for providing the data. This work was supported
by the guese National g (FCT) [DSAI 18).
Vertical B:
10y Swanevess APDIO (b. |02021
w 77 TR
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Submissao #18

Web-based Decision Support System for Sectorization
Elif Goksu Ozturk, Filipe S. de Sousa, Maria Margarida Lima, Ana Maria Rodrigues, José Soeiro
Ferreira, Ana Catarina Nunes, Cristina Lopes, Cristina Teles

A Decision Support System (DSS) is an information system that provides computer help to decision-makers (DMs)
to solve their specific problems. Under the project ’Sectorization to Simplify and Solve (StoSS)’, we present a
DSS to solve sectorization problems. Sectorization is the division of a large area, territory or network into smaller
parts considering one or more objectives. The purpose of sectorization is usually to increase the efficiency and
effectiveness of problem-solving. The application areas are diverse and often arise related to geographical issues.
Examples include designing political districts, sales territories, school or health districting and policing zones, fo-
rest planning, waste collection or street cleaning zones and maintenance operations. Given this diversity in terms
of applications, solution procedures are challenging. We design the DSS to provide solutions for various sectoriza-
tion problems in a website format with a user-friendly outline. We clustered the sectorization problems into four
main groups: (i) basic sectorization problems, (ii) sectorization problems with service centres, (iii) re-sectorization
problems, and (iv) dynamic sectorization problems. All these groups allow the user to shape and solve the specific
problem for their case. This work is financed by the ERDF - European Regional Development Fund through
the Operational Programme for Competitiveness and Internationalisation - COMPETE 2020 Programme and by
National Funds through the Portuguese funding agency, FCT - Fundagdao para a Ciéncia e a Tecnologia within
project POCI-01-0145-FEDER-031671.

Keywords: Sectorization, Resectorization, Decision Support System, Decision Making
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D3S is a unique Web-based Decision Support System (DSS) that allows a Decision Maker (DM) to solve Sectorization problems
and Resectorization and Dynamic Sectorization problems, involving various criteria.

Sectorization is a division of a large area, territory or network into smaller parts respecting specific conditions.

Application areas are diverse: designing political districts, sales territories, schools, health and policing zones,
forest planning, municipal waste collection or street cleaning zones and maintaining operations.

1) Select the service
does not consider
e —— PORAPSUPRMN ., cdetermined service No data yet? No problem! Use
optimization methods centres or plan to our benchmarking instances
p! determine one. available at
Sectorization with considers predetermined
. service centres or plans
Service Centres to determine one. OR
D3S s in the format of
a website using Django - allows redesigning a
Python-Web Resectorization solution that is already
framework ekl
represents more than one
Dynami point in time and allows
Sectorization changes on the instances
over time.

2) Fill in the survey
All the services are designed to solve
various sectorization problems according
to the user preferences and their
problem-specific restrictions detected
through a survey.

3) Upload your data
Submission of the data activates the
optimization module. Optimization is
executed according to the answers to the
survey using uploaded data

NturoOfThe Prociem

Decision Support System for Sectorization

a5 Craactrzaton OfThe Proiem s

SubimitvourOota

4) Get the results and visualize

Each submission is presented with a
submission specific ID. Through these IDs,
DMs can access their responses to the
survey, the results provided by the DSS and
the visual representation of the solution.

SUBMISSIONS

Submission Summary

oM, #3620 IR B . BRI £0 4
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Submissao #19

A resectorization of fire brigades in the north of Portugal
Maria Margarida Lima, Elif Goksu Ozturk, Filipe S. de Sousa, Cristina Lopes, Cristina Teles, Ana
Maria Rodrigues, Ana Catarina Nunes, José Soeiro Ferreira

Sectorization can be regarded as a division of a territory into smaller regions to deal with a complex problem
involving multiple-criteria. Resectorization intends to achieve another sectorization, according to some new con-
ditions but avoiding substantial changes. An example of this can be the distribution of geographical areas by
fire brigades. In Portugal, fire brigades must protect and rescue the population in the areas surrounding their
fire stations. So we will use the current sectorization, the geographic and population characteristics of the areas
and the fire brigades’ response capacity to provide an optimized resectorization, in order to decrease rescue time.
To achieve that, we will use a decision support system using different optimization methods, such as Non domi-
nated Sorting Genetic Algorithm (NSGA II), which provides an effective sectorization concerning compactness
and equilibrium criteria. This work is financed by the ERDF - European Regional Development Fund through
the Operational Programme for Competitiveness and Internationalisation - COMPETE 2020 Programme and by
National Funds through the Portuguese funding agency, FCT - Fundagdao para a Ciéncia e a Tecnologia within
project POCI-01-0145-FEDER-031671.

Keywords: Sectorization, Resectorization, Fire Brigades, Multiple-criteria
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Is the sectorization of Portuguese fire brigades already optimised?
Using the current sectorization, the geographic and population characteristics and the fire brigades’
response capacity we provide an optimised resectorization, to decrease rescue time.

Resectorization: to achieve another division of a
Sectorization: division region according to some new conditions but
of a region into smaller avoiding substantial changes, maintaining some
regions. degree of similarity between the solutions.

Capacity of each fire brigade (c;): Demand of each subregion (s;):

¢;=0.5g14; + 0.3g,V; + 0.2E; sj = 0.6P; +0.4Q;

umber of ambulances in brigade i P; - adimensional population in subregion j
umber of fighting vehicles (forest and industrial)  Q; - adimensional area of subregion j
rigade i
;- adimensional number of firefighters in brigade i
81, 82 - constant parameters

Sectors must be:
- Balanced - Compact

Minimise the standard deviation Minimise the distance between

of the occupancy percentage of fire brigades and subregions,

fire brigade i in order to obtain weighted by the demand of each

balanced sectors subregion, in order to obtain
compact sectors

M N

min E E d
tage of used capacity of i=1j=1
fire brigade e average of ki, and s, is i the distance between brigade ic (1. M) and
the demand of the if is assigned to the fire

Current sectorization has 0.284 of equilibrium The optimal resectorization has 0.053 of equil
and 0.035 of compactness. ‘and 0.037 of compactness with a similarity of

Contributions:

T Work developed by the team of FCT Project StoSS, with precious
iy collaboration of fire brigades in the north of Portugal region.
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Submissao #20

Allocation Scheduling with Resource Synchronization and Uncertain Surgery
Durations: A Two-Stage Stochastic Programming Approach

Steffen Heider, Daniel Santos, Inés Marques, Jens Brunner

Scheduling surgeries in a hospital is a challenging task for operating theater managers and surgeons. Many re-
sources, e.g., rooms, surgeons, nurses, anesthetists as well as machines need to be scheduled simultaneously and
need to be available at defined times of each surgery. Uncertain time of surgical sub procedures only increases
the complexity. In practice, this problem is usually split in smaller subproblems where specialties are assigned
to rooms and necessary resources are attached to a room, allowing specialties to schedule and sequence their
surgeries independently. We present a two-stage stochastic programming model using a Benders decomposition
approach to minimize idle time, overtime, and cancelled surgeries. We determine the surgery sequence and
starting time for each resource including breaks and resource dependent available times, allowing for an indivi-

dual patient sequence for each resource. We show that we can solve small and medium size instances to optimality.

Keywords: Elective Patient Scheduling, Synchronizaton, Uncertainty, Stochastic Programming, Ben-
ders Decomposition
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Introduction

Problem:

Main contributions:

Goals:

Notation

Sets and indices.

Parameters (cont)
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Duration of resaurce r for surgery.

£in scenario e or break duration)

y,, Number of esources of group g
Y required for patient

iy
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5 Dummy break node

S, Starttime of resource

D, Total available time of resource r

A, Earliest break time of resource r

e

Decision

Weight of scenario ¢

Variables

=1, resource r goes from
nodelbreak node i to

patientend node/break |

=1, patient s scheduled with
resource r

=1, patient i is scheduled
Overtime of resource rin scenario e
Idle time of resource r in scenario ¢

‘Start time of resource  for
Surgerylbreak  in scenario e
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Submissao #21

Developing static pricing plans for one-way carsharing systems
Masoud Golalikhani, Beatriz Brito Oliveira, Maria Anténia Carravilla, José Fernando Oliveira

As an alternative to private cars, one-way carsharing systems allow customers to rent vehicles for a short period
(e.g., minutes) and leave them in a different location than where the trip started. One of the main challenges of
one-way carsharing operators (CSOs) is to maximize revenue by attracting potential customers and properly uti-
lizing the fleet. In this regard, static pricing plans are mid/long-term decisions that influence customers’ decision
to join carsharing. The pricing plan selected by a customer may also be used to influence its travel behavior, e.g.,
favoring rentals on off-peak hours. Nevertheless, the literature often assumes a single-tariff plan for all customers
(e.g., €1 per minute), while CSOs in the market offer several plans with different attributes (e.g., registration,
travel distance, and rental time fees) to attract various customer segments. To fill this gap, we develop a model
to design the optimal combination of pricing plans competing to capture representative segments of customers to
maximize CSOs revenue, considering competition with the choice of using a private car. To this aim, we analyze
customers’ travel patterns and spatial-temporal factors that may affect the demand and identify specific customer
segments whose preferences are incorporated in model through discrete choice methods.

Keywords: One-way carsharing, Pricing decisions, Customer segmentation

Developing static pricing plans for one-way carsharing systems
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Introduction
* One-way carsharing allows customers to rent a vehicle and leave it in a different location than where the trip started
.9 oM stomer s trip .vm‘" station
P —> e ) @ work
P o Customer #2's trip PP-
Figure 1. An example of trips made by i ions in the one-way i

« Carsharing operators (CSOs) mainly try to maximize revenue by attracting potential customers and properly utilizing the fleet
* Static pricing plans are mid/long-term decisions that can influence customers’ decision to join and use carsharing services

+ Pricing plan selected by a customer may also be used to influence its travel behavior, e.g., favoring rentals on off-peak hours

Objectives A pans | pnc
« Developing the optimal combination of pricing plans that maximize the CSOs' profit Moniyfee €0 | ew | ew
« Considering the competition between carsharing and the choice of using a private car Ipet hout) ::.: :azs i;i E;Z
+ Identifying specific customer segments and analyze the factors that may affect the demand |y e | oo | €04 | €03 | cons
« Designing pricing plans that compete to capture the segments that maximize profit feloettm) [emin | o, [ cos | co
« Incorporating the customers' preferences into the model through discrete choice methods Figure 2. An example of CS0s pricing plans

Methodology

The methodology defined to conduct this research employs mostly quantitative methods in the context of operations research

Conducting comprehensive Developing a Developing and evaluating
Steps
P literature and business reviews mathematical model GUELZAIEED solution methods
[ [ [ [
N Identifying model parameters Developing exact and
dentifying the re‘f‘“"t i“;’"“‘at(‘i"g‘fh ¢ || suchasdifferent types of areas, approximate solution
Objectives "”5'”355‘ :?fadc"‘f“ Ekae realistic mo fso @ periods, customer segments, methods and analyzing the
o I "“‘“:“0 maKimizes €05 and the coefficient of price performance of the model
B AR HEEES pror attributes in utility functions on real-world instances
Figure 3. Research to develop static pricing plans for y
Contributions

* We developed a mathematical model for static pricing plans

Number of trips per month

+ We performed the data analysis to identify the required model parameters

e
) L. . . . 502 - 1011
o We analyzed the Brooklyn city taxi trip data with 61 taxi zones as the case study [0 1011 - 1582

o We identified the high, medium, and low demand areas/periods in the city
o We identified different segments of customers by analyzing their trip behavior
+ We are developing solution methods to analyze the performance of the model

< Mondey ~=-Tussle - Wetossday —Thusday =-Frty - Serrdey —Sundey o\
-

High 300

Medium 200 ~
ow w7 -
low demand areas
IHTH 7H10M 10H-13H 13- 16H 16W-19H 19H-22H  22H- 1N
Figure 3. Different types of time perlods based on demand volume Figure 4. Different types of areas based on demand valume
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Submissao #22

Heuristics for the on-line three-dimensional packing problems
Sara Ali, Antonio G. Ramos, Maria Antonia Carravilla, José Fernando Oliveira

The on-line three-dimensional packing problem is an NP-hard optimization problem in which items arrive sequen-
tially over time, and at each step, the current item must be placed into containers immediately before the next
item is revealed. This placement decision must be made under incomplete information about the numbers and
sizes of upcoming items. On-line packing arises in many real-world problems, like robotic or automatic contai-
ner loading in warehouse storage. Despite the numerous practical applications of on-line problems in real-world
situations, most of the literature to date has focused on off-line problems where full knowledge about items is
available beforehand. Moreover, in terms of solution approaches, the literature is quite sparse concerning heu-
ristic methods that can be applied for solving on-line problems. Therefore, due to the crucial role of heuristic
methods in finding effective solutions for real-world-sized problems in a reasonable amount of time, this study
mainly focused on the development of on-line heuristic methods. The main contribution of this paper is to develop
several unique on-line heuristics considering the major requirements that need to be satisfied in the on-line envi-
ronments. Furthermore, we evaluate the performance of identified heuristics on a wide variety of on-line instances.

Keywords: Three-dimensional packing, On-line packing problem, Packing heuristics
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Introduction

Three-Dimensional Packing Problem (3D-PP) can be classified into two main types:
Off-line 3D-PP

* Information about all items available beforehand

« Algorithm can freely choose any item to pack into a bin

On-line 3D-PP

« Items arrive one by one and are packed immediately on arrival

* Algorithm does not have any information about upcoming items

« On-line packing has many real-world applications like robotic loading
* Very few studies have addressed the on-line 3D-PP

o

Objectives Where and How
To develop on-line heuristics for 3D-PP considering on-line requirements to pack the
To evaluate the performance of he on a wide variety of instances

Since solution approaches for the off-line 3D-PP are mainly based on heuristics,
and literature is quite sparse regarding heuristic methods for the on-line 3D-PP

On-line 3D-PP heuristic can involve four main components:
entifying and representing potential free spaces inside the bins

ng the suitable bin with enough space for packing arrival item

zing the identified free spaces inside the selected bins

« Placing the arrival item in the selected space based on a specific rule

Methodology
To achieve the research objectives, we defined a five-phases research methodology
Perform an in-depth Split off-line Extract applicable T g -
analysis of off-line heuristics methods for on-line De‘.',‘ilsgsﬂl Slme F;);a»l]‘::?t:g::g&gd
heuristics components problems
Results

We developed 160 unique on-line heuristics
We evaluated the performance of 160 heuristics on 17 major classes of instances

3T

3106109112115118121

Heuristics
None of the heuristics can provide good-quality results for all instances

Performance of heuristics is related to the features of problem instances

We are developing an effective method that can find the best heuristic for each type of instance L‘;J
)
Instance type n g’ 0.0.0.0 Analyzing the features of problem instance n, and choosing the best heuristic -
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Submissao #23

Fleet and revenue management in car rental under uncertainty
Beatriz Brito Oliveira, Maria Antonia Carravilla, José Fernando Oliveira

Car rental systems face significant fleet management challenges. Additionally, their flexibility allows using pricing
and other revenue management tools to influence demand. This flexibility is higher than in other traditional
revenue management sectors, e.g. airlines, since it is easier to move and increase/decrease resources. This com-
munication presents an overview of the work developed in this context, which filled a literature gap by structuring,
modelling and solving the integration of fleet and revenue management problems in this business. Moreover, this
work built the ground to extend the knowledge on integrating fleet and revenue management to other shared
mobility applications. We studied the interactions between fleet and revenue management in car rental, propo-
sing an integrated conceptual framework from which relevant future research directions stemmed. From there,
we proposed models and solutions methods focusing on capacity-pricing problems, also considering uncertainty
in demand and competitor prices. In this context, a significant number of uncertain parameters with unknown
probability distributions can represent uncertainty. In such cases, we propose that metaheuristics, namely based
on genetic algorithms, can generate relevant and complex scenarios. We developed an innovative approach based
on a co-evolutionary metaheuristic, where solutions and scenarios are generated and evolve in parallel. (Resumo
submetido no &mbito do Prémio APDIO / 102021)

Keywords: Fleet management, Revenue management, Car rental, Optimization models, Metaheuristics
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Fleet and revenue management
in car rental under uncertainty

Beatriz Brito Oliveira | Maria Antonia Carravilla | José Fernando Oliveira
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Research objectives:

* understand how car rental can improve
fleet and revenue management practices

* propose innovative and applicable
quantitative approaches, also
considering uncertainty

Car rental poses interesting research challenges :
* Flexibility

« Interaction between operations and revenue

« Shared resources, complex products (rentals)

The problem

Price-sensitive demand and heavy competition
Focus on operational efficiency

oemans
Pooldesgn evemeres * Integrated conceptual
framework for fleet and

! Pool design

The outline

Supply.
conditions

revenue management
decision-making problems
Based on an in-depth

literature review

Floot size/mix

" o (EE Identifies interactions
between the fields
GIEGUEG R RS
and future research
directions

]
size/mix

Motivation

Maintenance  serve.
requirements

cost
structure

Theoretical

Practical

The framework

Other

uncertainties

et status

Quantitative approaches for ﬁ Capacity-pricing decisions: Demand For each rental
capacity-pricing integration s ty.p 4 . type, the price
g? « fleet size and mix . positioning affects
‘ =N . uncertain the share of the
Uncertainty 3 fleet deployment through a rental season maret atirocted
s B pricing for each rental type (start and end). . as demand.

[l We propose a mathematical programming L

3 model, with uncertainty in demand and Minimum  Price

evolutionary
matheuristic
approach

- competitor price
in the market

competitor prices, represented by scenarios

Solutions with a Scenarios with a Initial and final scenario populations for
good performance  diversified impact @ run of the capacity-pricing problem.
for the scenarios on solutions Each point represents a scenario.

Best .
solution N
value

Fi
itness ’ ’Solulioﬂs - s<:e"a|»ios4
SO @ G Scenarios

Fitness evaluation

Evolutionary
procedures Worst solution value

o Initial generation _» Last generation

+ Two-space genetic algorithm: solution population (1 stage decisions) +
scenario population (possible outcomes of the uncertain parameters)

« Fitness evaluation depends on 2" stage value obtained for each pair
[solution, scenario] and on risk profile

+ Conceptual framework for car rental fleet and revenue management
+ New mathematical models for capacity-pricing (deterministic and stochastic)

i

Contributions

* Innovative solution methods, such as a co-evolutionary matheuristic that generates
scenarios and solutions for different risk profiles, with limited information on uncertainty
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Submissao #24

An optimization approach for tactical collection and production planning in
the blood supply chain

Maria Meneses, Ana Barbosa-Pdvoa, Daniel Santos

Collection plays a critical role in the blood supply chain as blood is a limited resource that can only be obtained
from donors. Also, it is the foundation to produce the necessary blood products. Given their perishability, pro-
duction should closely mirror demand requirements to guarantee an adequate supply and avoid wastage. Such
planning activities are subject to uncertainty, which adds complexity to the management of the blood supply
chain. To deal with the stochastic environment whilst keeping the desired service level, it is of utmost importance
to develop appropriate tools to address mid-term collection plans coupled with production balancing requirements
that achieve some balance between shortages and wastage. To that end, this work presents an optimization model
for collection and production of blood products at the tactical level, under supply and demand uncertainties. The
proposed model considers an established blood supply chain with multiple facilities, which constrain the collection
and production strategies by the limited personnel and resources capacity of the network. So, the model also
optimizes the available resources. Besides, the donor pool available and respective allocation to different collection

methods is addressed.

Keywords: Supply Chain Management, Optimization Modeling, Health Care
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Introduction

> planning pro f the utmost importance [ { hain, g
ought out in advance to guarant : X ducts to satisfy de
nificantly addressed in the mes t

on strategies at a tactical level

Problem

SUPPLY

Planning a collection and production strategy involves defining the
v quantity of donations required of each blood type and collection
method aligned with the production requirements. For the

Oy 8 bloodmobiles and temporary fixed collection sites, it also involves

Ul iE N defining the corresponding location for the collection session in each

' l ' o — ° . period considering resources limitations.

Storage DEMAND

Collection ~ Distribution  Production

Collection: donors voluntarily go to bloodmobiles, temporary collection Objectlves
sites and blood centers where they donate blood (SUPPLY) .

Distribution: donations should be shipped to their designated blood
center

Production: donations are tested and fractionated into blood products.

o build an effective d
Storage: products are stored until distributed to demand nodes rtuguese blood services.
(DEMAND) 9

Optimization model

Objective function:
Minimizing(1) Distance travelled, (2) Blood transshipment, (3) Set up costs, (4) Collection | % fon in the I blood

(5) Production costs and () Blood 9% shortage and wastage in all stages
of the blood supply chain was
observed.

Preliminary results

- Only a small instance was optimized
in python

« Facilties location
« Producton equipment

« Faciles location
+ Collection equipment

|
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uncertainty in supply and
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such complex and high
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Submissao #25

Green Reverse Logistics: exploring the Vehicle Routing Problem with
Pickups and Deliveries with environmental goals
Maria Jodo Santos, Bruna Mota, Tania Ramos, Ana Barbosa-Pdvoa

The Vehicle Routing Problem with Divisible Deliveries and Pickups (VRPDDP) is under-explored in the litera-
ture, yet it has a wide application in practice in a reverse logistics context. The problem considers that each
customer has both delivery and pickup demands and may be visited twice in the same or different routes. A
restriction on the free capacity of the vehicles before starting the pickups to avoid load-shuffling problems may
be considered. In this work, we explore the economic and the environmental impacts of the VRPDDP, with and
without restrictions on the free capacity, and compares the savings achieved with splitting customers visits with
the traditional Vehicle Routing Problem with Simultaneous Deliveries and Pickups (VRPSDP). The VRPDDP
solutions are also characterized in terms of route shapes. A multi-objective approach based on the augmented
e-constraint method is applied to obtain and compare solutions minimizing costs and CO2 emissions. The results
demonstrate that the higher is the importance of CO2 emissions in the objective function, the higher is the benefit
of splitting customers. Moreover, the percentage savings of the VRPDDP are higher for instances with a random
network than with a cluster network of customers, in comparison to the VRPSDP.

Keywords: Vehicle Routing Problem, reverse logistics, CO2 emissions, e-constraint
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Introduction

Objectives

1. To investigate the economic and environmental impacts of four

different reverse logistics problems:

- Vehicle Routing Problem with Simultaneous Delivery and Pickup
(VRPSDP)

- Vehicle Routing Problem with Divisible Delivery and Pickup (VRPDDP)

- Vehicle Routing Problem with Restricted Mix Divisible Delivery and
Pickup, free space capacity of 20% (VRPRMDDP 20%)

- Vehicle Routing Problem with Restricted Mix Divisible Delivery and
Pickup, free space capacity of 100% (VRPRMDDP 100%)

2. To evaluate the economic and environmental savings of

splitting customers visits

The most common practice of reverse logistics in manufacturing
industries is to deliver the customers their orders and,
simultaneously, collect the returned items for recycling,
remanufacturing or disposal. However, there can be an opportunity
to save costs and CO, emissions if some delivery and pickup
services occur separately. In some cases, it is even imposed a free
capacity of about 20% to initiate the pickups to avoid the load-
shuffling problem. In others, this free capacity may be of 100% if
the delivery and pickup goods are not allowed to be in the same
space to avoid cross-contamination.

Solutions — an example

VRPSDP VRPDDP VRPRMDDP 20% VRPRMDDP 100%
T T ) Ial
/ [ / » {
$ 4 [ P
8O ( \ - " ° S g e
] A\ t ; ' ¢
z g e y \ ONC ) » »
£5 RN .
S |
| / LT =Y
3635€ 353.2€ § 3817€ 495.4€
137.9 kg €O, 134.2kg CO, 140.6 kg €O, L 1723kg €O,
[%) T Ial
4 // / / » (
o 2 » . ¥ X
=z 2 € p . / . |
5] 5 - N « « < ¥ -/
2 o i 3 . ) » W
£9 N ¥ . ¥ )
59 N P #
< : L= /
o e 365.0€ 3537€ 3848€ 5015 €
= 136.7 kg €O, 134.1kg €O, 138.9 kg CO, . 1714 kg €O,
O customer served simultaneously for delivery and pickup @ Customer served separately for delivery and pickup —_— Routes

VRPRMDDP
100%

VRPRMDDP
20%

VRPDDP.

VRPSDP.
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Submissao #26

A Non-Convex Global Malmquist index to Compare the Performance of
Water Services among Brazilian Macro-Regions
Ana Camanho, Marco Tourinho, Flavia Barbosa, Paulo Rosa Santos, Francisco Taveira Pinto

This paper proposes an innovative framework based on optimisation techniques that can support decision-making
in water services. The proposed models estimate a Best-Practice frontier recurring to a ‘Benefit-of-the-Doubt’
formulation that enables benchmarking performance across decision-making units. We propose an innovative
estimation of a pseudo-Malmquist index to compare the performance of groups. The framework’s relevance is
illustrated using data of the Brazilian water and sanitation regulator, collected at the municipality level for the
year 2019. The groups compared correspond to three Brazilian macro-regions. The results obtained show that the
Southeast exhibits the best overall performance. The Northeast has a few municipalities with the best practices
at a national level, but this macro-region has significant heterogeneity in performance levels. The South has a
more homogeneous performance, but the best-performing municipalities in this macro-region are still far from
Brazil’s best practices.

Keywords: Malmquist index, Water services, Brazilian macro-regions, Composite Indicators, Data En-
velopment Analysis

A Non-Convex Global Malmquist index to Compare the
Performance of Water Services among Brazilian Macro-Regions

Ana S. Camanho*, Marco Tourinho'2, Flavia Barbosa!, Paulo Rosa Santos',and Francisco Taveira Pinto!*

rsidade do Porto, Portugal

Introduction

Studies on the efficiency of water services tend to focus on the overall without distinguishing regional

The study of the impact of regional differences on service performance is particularly relevant in Brazil.

This paper aims to benchmark the performance of water supply and sanitation services among Brazilian macro-regions using

anii ive Global pseud | ist index.

Methodology Illustrative example

The framework's relevance is illustrated using data of the

Brazilian water and sanitation regulator, collected at the
municipality level for the year 2019.

The groups compared correspond to three Brazilian
macro-regions.

We estimate a composite indicator, according to the

Benefit-of-the-D D) K.

A Global Pseudo-Malmquist index with a Non-Convex

meta-frontier is estimated.

* Southeast has the best overall performance.

* Northeast has a few municipalities within the best
practices at a national level, but it has significant
heterogeneity in performance levels.

* South has a more homogeneous performance, but
the best-performing municipalities in this macro-

region are still far from Brazil's best practices.

Conclusions

+ This paper opens new possibilities for developing Decision Support Systems to manage and improve

performance in the water sector.

+ The index developed in this paper can guide decision-making in the public sector.
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Submissao #27

Noise pollution in vehicle routing problem formulations
Claudia Pereira, Anténio G. Ramos

The current distribution of goods causes serious problems in urban areas due to various external negativities,
such as air and noise pollution. Urban goods distribution is of particular importance, as heavy and light goods
vehicles still represent the majority of freight vehicles, and generate high noise levels. Exposure to noise levels
is a significant problem, as being exposed to higher than recommended noise levels causes adverse effects on the
health and well-being of individuals. Noise pollution has not received the same attention in the vehicle route
problem literature as other negative externalities such as air pollution. This paper contextualizes noise pollution
within the Vehicle Route Problem, bridges the gap with other scientific areas dealing with the impact of noise
caused by road transport, and identifies how the minimization of adverse effects caused by noise is modeled in
the Vehicle Route Problem.

Keywords: City logistics, Urban freight, Transport sustainability
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ABSTRACT

Current distribution of goods causes severe
problems in urban areas due to several external
negativities, such as air and noise pollution.
Urban goods distribution is of particular
importance since heavy and light goods vehicles
still represent the majority of freight vehicles and
generate high levels of noise.

The exposure to noise levels is a significant
problem since being exposed to higher than
recommended noise levels causes adverse
effects on individuals’ health and well-being.

Noise pollution has not received the same
attention in the Vehicle Route Problem as other Noise Map of the city of Gporto ]
negative externalities such s air pollution.
n Noise emission models [2]
This paper contextualises noise pollution within

the Vehicle Route Problem, establishes a bridge
with other scientific areas dealing with the noise
impact caused by road transport, and identifies
how the minimisation of the adverse effects
caused by noise on the population exposed to
the Vehicle Route Problem is modelled.
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n Approaches to noise in the context of VRP

*  Minimise Costs
« Cost of noise emissions per ton and distance travelled
* External costs are allocated to the edges of the network
o Contingent Valuation Method
o Noise level criteria
o Disturbance caused by noise
*  Cost of over-threshold of noise emissions
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CONCLUSIONS

Calculation of noise and its inclusion in VRP is neither obvious nor
straightforward
+ Noise varies according to different factors
« There are different methods for measuring road traffic noise
+ There s a diversity of noise emission models

Existing approaches.
+ Only focus on a couple factors simultaneously
+ Are still limited in number
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Submissao #28

Planning visits of home care teams with continuity of care and
synchronization - a case study
Ana Raquel de Aguiar, Isabel Gomes, Tania Ramos

The rising health care expenditure can be decelerated through a proper articulation between the health and so-
cial systems. An example is the early discharge of patients no longer requiring specialized medical treatment at
hospitals. The care required may be provided by a combination of primary care nurses and social care provided at
home. However, social organizations have difficulty in planning these visits due to the problem complexity and the
inexistence of decision support systems, generating plans with poor human resource capacity allocation. APOIO
is a social organization that provides care to two types of patients: semi-dependent patients, requiring visits of one
caregiver, and bedridden patients, requiring two caregivers. Currently, the service is organized in two route types
(one for patients requiring one caregiver and another for patients needing two caregivers), planned independently.
A MIP model is proposed to support efficient planning, introducing continuity of care and synchronization of
single caregiver teams in bedridden visits. Among its planning decisions are the number of teams of each type,
the visits sequencing and their starting times, while minimizing total service and travel time. The solutions ob-
tained suggest up to two fewer caregivers when compared to the current planning, enabling waiting list reductions.

Keywords: Home care, Routing and Scheduling, Mathematical Programming
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Context

J@l Home Care Model Features

Heterogeneous teams, of one or two caregivers, which serve patients
requiring one (semi-dependent patients) or two caregivers (for bedridden
patients). Efficiency gains in caregiver capacity by allowing synchronization
(syn) of single teams while enforcing daily continuity of care is studied.
wmws  The model designs routes,
2Cusgnens assigns tasks to teams,
decides starting times, the
number of teams of each
type and when to use
synchronization.
Objective function - To minimize working and traveling times. Lunch break
time serves as a penalty for the number of caregivers.
gt e i e o . o) The number of teams of each
= it cusestonsous type is  bounded by the
s ""“‘\. available  caregivers  and
vehicles. Thus, the proportion
]\l of service types may lead to
.

different needs in team

L

[ ——
ot i
3

schemes (left). I
Continuity of care is defined as the preference to allocate the same team Results
through the planning horizon. Since the horizon is longer than a shift, at
most two teams can be allocated to a patient.
‘Synchronization & Continuity of care.
Voming ‘oo

Legend: n Evening
o miit
b=
. -

o @A o o =
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e \.I “\/—I + Single teams serve semi-dependent |+ Single teams can synchronize and serv
Mmee & patients and double teams serve | bedridden patients; double teams can

peiemren bedridden pati lusively.
« Uses all 9 caregivers.

i-dependent patients.
Only 7 caregivers.
Uses 5 cars.
Synchronization allowed.

Daily continuity of care and are modeled -+ Ve ol cors (o vt
assuring continuity of care by transferring bedridden patients to single leay ElOETD (B
. allowed.

times. Less times.

Allowing double teams to serve semi-dependent patients (integrated solve)
reduces the number of caregivers in one.

Synchronization is the feature that most increases efficiency, allowing a
reduction of two caregivers, but it exposes the routing plan to uncertainty.

they the routes
together, suggesting potential operational cost reduction through car sharing.
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Submissao #29

Exploring the unit commitment problem to assess the potential of
hydroelectric flexible technologies
Flavia Barbosa, Luis Guimaraes, Armando Leitao

Hydropower plants have a very long lifetime. To evaluate the total costs and benefits of both the initial ins-
tallation and the upgrades resulting from new flexible technologies, we developed a unit commitment problem
(UCP) focusing on the OPEX costs. The UCP in electrical power production is a mathematical optimization
problem where the output of electrical generators is coordinated to achieve some common targets. Our model
minimizes simultaneously three components of costs: start-ups and planned and unplanned interventions costs.
The unplanned intervention costs are computed considering the risk of a breakdown and restoring an asset to a
better condition. Moreover, we evaluate the usage of the hydroelectric technologies proposed in the European
project XFLEX HYDRO to provide enhanced flexibility services to the European power system. Each technology
comes with distinct possibilities and limits in terms of operating modes, thus introducing different risk profiles in
the operation of the units.

Keywords: Hydropower plants, Unit commitment problem, Asset management

:E HYDRU Exploring the unit commitment problem

to assess the potential of hydroelectric
flexible technologies

Flavia Barbosa | Luis Guimardes | Armando Leitao

Pumped-storage Storage Run of River
Frades 2 (EDP) * Canigada (EDP) * Vogelriin (EDF)
Alqueva (EDP) * Alto Lindoso (EDP)
Z'Mutt (ALPIQ)
Grand-Maison (EDF)<

@ Technologies @ Technologies G) Technologies

[_IVariable Speed (FSFC) [_IVariable Speed (FSFC) [Variable Speed (FSFC)
[_IVariable Speed (DFIM) [_IVariable Speed (DFIM) LISmart Power Plant Supervisor
[_)Smart Power Plant Supervisor [_)Smart Power Plant LI Hydro-battery-hybrid
[_IHydraulic short cut Supervisor

i<l RQ: How to evaluate the total costs and benefits of both the initial
stallation and the upgrades resulting from new flexible technologies?

Supplementary

leg Production ,)t Planned & Water opportunity
oStart-Up (Degradation) intervention © Mandatory sale by law
© Fixed logistics Costs
(manpower, technical
interventions)

o Loss through evaporation and
soil absorption

Technologies
© The operating conditions affect
the useful life of the unit (its
wear and tear of the unit
L © related to amount of time each
condition operating mode is used

Unplanned intervention -
O risk of a breakdown and
restoring an asset to a better

* Each technology comes with distinct possibilities and limits in terms of operating |
modes, introducing different risk profiles

The UCP in electrical power production is a mathematical optimization
problem where the output of electrical generators is coordinated to
achieve some common targets, while minimizing simultaneously all

components of costs.
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Submissao #30

Is makespan a good productivity metric for dynamic scheduling problems?
Gongalo Figueira

Makespan is the most popular productivity metric used in scheduling problems. By promoting compact schedules,
it minimizes setups, idle times and inefficiencies, while balancing machines. However, that might not work so
well in many real-world settings, which are dynamic, i.e., where schedules are created/revised continuously with
dispatching rules (pure online approaches), or periodically in the so-called rolling-horizon procedures. In the
latter case, the completion time of the last operation (i.e., the makespan) in a given iteration becomes irrelevant
in subsequent iterations, as new orders arrive. Motivated by a real-world case study of a flexible job shop setting,
we investigate this issue. We propose, analyze and simulate alternative productivity metrics for this and other
production settings, including classical and flexible job shops, identical and unrelated machines, and with and
without sequence-dependent setup times. We show the relative performance of each metric in a variety of scenarios.

Keywords: Scheduling, Manufacturing, Real-world application
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N ] T AW
Context Challenge

Many real-world scheduling problems are dynamic, and so Makespan is the most popular productivity metric used in
rescheduling is constantly necessary, as new orders arrive scheduling problems. But in a dynamic setting, the
and processing times are updated. completion time of the last operation in a given iteration

becomes irrelevant in subsequent iterations, as new

EECDECnEen (e

Schedule on
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Schedule on
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Schedule on ‘

Thursday
e

+ Makespan (MS):
S = max ()

+ Remaining Workload (RW):
RW(t) = Y max(0, F; — max(S;,t))

icop

+ Integrated Remaining Workload (IRW):

s
, IRW :/) Z maz(0, F, — max(S;, t))dt
g

| icop

k + Weighted Operation Completion Times (WOCT):
* Consider that at t2 new orders arrive and the
schedule from that point onwards s revised WOCT = 3~ Fy-pti
« In@ the makespan is better, but the schedule is geop
not more compact Analytical Result: minimizing IRW <= minimizing WOCT

B P -
Simulation Experiments

We have simulated: Makespan frardiness Flow Time Main takeaways:
* 3 metrics (M, RW and WOCT) « Both RW and WOCT improve not
| . only productivity (Makespan), but
S also service level (Tardiness) and
work in process (Flow Time)
e * Improvements are very consistent
* 5 replications in the different scenarios tested
* Each with a rolling-horizon of + 0.81% in Makespan might seem
5 iterations 2.75% 2.71% small, but this indicador is very
At the end of the rolling-horizon we ®RW mwOCT sensitive, 5o it is actually quite
significant

* 192 scenarios (different
combinations of machines, -0.81%
jobs and loads)

R 3 indicators: Makespan, Percentual improvement of RW and WOCT, compared to MS
Tardiness and Flow Time
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Submissao #31

A Sensor Placement Problem in Waste Management based on a Clustered
Vehicle Routing Problem with Profits and Detours

Carolina Soares de Morais, Daniele Vigo, Tania Ramos, Ana Barbosa-Pévoa

Waste management systems face inefficient collection and transportation of solid waste as a high uncertainty is
associated with waste accumulation. If sensor information on the amount of waste inside bins is used to feed
dynamic optimization approaches, more efficient collection routes can be designed. As the investment cost of
sensors is still very high, we investigate how to select a reduced sample of bins to monitor, considering the value
of information provided by sensors. To solve a sensor placement problem in waste management, we propose a two-
phase methodology: in the first phase, the tactical problem of selecting a sample of bins to monitor is addressed;
then, in the second phase, and depending on information transmitted by the installed sensors, a CluVRPP with
Detours is operationally solved to decide the detours to take from a skeleton of routes that are regularly performed
to visit unmonitored bins. A real-world problem is solved using our methodology, and three scenarios are assessed
by a cost-benefit analysis: 1) no sensors - all bins are regularly visited; 2) sensors in all bins - bins are visited
only when needed; 3) a set of bins is monitored - a regular route is performed and, when needed, a detour is taken.

Keywords: Logistics, Sensors, Mixed-Integer Linear Programming, Vehicle Routing Problems, Detours
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A Tactical/O ional Sensor Pl; Problem

To select a sample of strategic bins to monitor so that optimized
routes can be designed using real-time information

Introduction

Tactical decision:
Which bins should have a sensor?

Operational decision:

How to design the optimized collection routes to perform?

Two-Phase Methodology

Some bins require a more regular collection frequency and can be
visited every N days. Others have a more unpredictable behavior
and must be monitored: similar non-regular bins located nearby
are grouped and only one sensor is installed in each non-regular
cluster.

efit analyis

Every N days, when designing the regular routes, plan which non-
regular clusters to visit, based on real-time information provided
by sensors. When necessary, non-regular clusters are visited
through detours made from the regular routes. e
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Submissao #32

Vehicle Routing Problem to on-time transportation of biological products on
healthcare centres
Maria Teresa Pereira, Marisa Oliveira, Fernanda Amélia Ferreira, Alcinda Barreiras

This paper presents a Vehicle Routing Problem (VRP) applied in the field of health care to determine a set of
vehicle routes to perform on-time transportation of biological products from the health centres where they are
collected from the patients to the hospital laboratory for further processing and analysis, taking into consideration
the technical issues related with this problematic. The project work is intended to deploy an existing solution in
CPLEX software and to develop Vehicle Routing Problem with Pick-Ups and Deliveries (VRPPD) in a way it
is possible to perform effectively collections of biological products and at the same time deliver medical supplies
such as gloves, masks, sanitation accessories and disposable tools to the health units. In addition, it is aimed to
implement the solution for the network with the increased number of units to be served. The construction of the
mathematical model allowed to build the route efficiently, taking into account the distances covered, service times,
travel times, total time of the route and allowed the vehicle to be free to perform other tasks. Acknowledgments:
This work is funded by the European Regional Development Fund through the Regional Operational Program
North 2020, within the scope of Project GreenHealth-Digital strategies in biological assets to improve well-being
and promote green health, Norte-01-0145-FEDER-000042.

Keywords: VRP, Transportion, biological products, Healthcare
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Submissao #33

Optimisation of Asset Management Investments using the Infrastructure
Value Index
Hermilio C. Vilarinho Fernandes, Flavia Barbosa, Henriqueta Névoa, Ana Camanho

Proper management of water infrastructures is crucial to enhance the three sustainability dimensions of urban
settings: better water services for the People, respect for limited water resources in the Planet, and Prosperity.
This work proposes a novel approach to select infrastructure investment projects in water supply facilities under
the framework of asset management. The proposed optimisation model chooses the portfolio of projects that
maximise the Infrastructure Value Index (IVI). The IVI has been discussed as a tool to characterise water service
infrastructure and address investment planning to overcome risks. It was initially designed as the ratio between an
asset’s current value and its replacement cost and is currently applied for asset management by Portuguese water
companies. The use of the model is demonstrated with data provided by a real-world case study. The results
obtained were discussed and validated with company managers. This research shows that the IVI is a valuable
tool to prioritise capital investment initiatives in water systems, and its use can be extended to infrastructures in
other sectors.

Keywords: Asset management, Capital investment planning, Infrastructure value index, Performance
indicator, Optimisation
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* Select infrastructure investment projects in water supply facilities.
* Optimisation model - maximise the average Infrastructure Value Index (IVI).
+IVI - ratio between an asset’s current value and its replacement cost.
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Conclusions Future Work

+The IVI is a valuable tool to priori- « Address all the possible investment initiatives for the existing assets, allowing a
tise capital investment initiatives in wa- broader set of project options to be considered.
ter systems’ asset management. « More accurate estimates of the needed parameters: A, 3 and CapFEz should be
+The methodology can be employed in explored aiming to generate more precise outcomes.
different businesses.
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Submissao #34

Explaining production process productivity in the glass container industry:
a big data approach

Maria Alexandra Ramalho de Oliveira, Luis Guimaraes, José Borges, Bernardo Almada-Lobo

The current global market is defined by high competitiveness, caused mainly by increased supply and customer
expectations. Faced with this scenario, companies must strive to be more efficient and effective, so quality and
productivity play a significant role. The capability to improve both the quality and productivity of the delivered
service will dictate the company’s position in the market. With the rise of Industry 4.0, it became clear for
organizations the importance of analyzing the vast amounts of data generated over the years by their core pro-
cesses. This work is motivated by a collaboration with the largest Portuguese glass container manufacturer. The
goal is to minimize production losses by leveraging data-driven models to support and optimize decision-making.
However, the dispersion of data increases the difficulty of replicating the best historical production cycles and
creates challenges in understanding the quality defects causes. Therefore, it is crucial to understand the process
in the first stage by diagnosing the production losses behavior. We present an approach to identify patterns
in the containers’ defective rates and explain them by estimating the impact of controllable and uncontrollable
production process variables. Resulting from the application of the proposed work, we expect to decrease pro-
duction losses, reduce the dependency on worker’s experience, and understand the causes of the identified patterns.

Keywords: Glass container production, Process improvement, Machine learning
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The challenge
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the defective rate
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Submissao #35

Outsourcing Optimization in Footwear Industry: The Case of a Portuguese
Company
Raquel Francisco, Eliana Costa E Silva, Sandra P. Sousa, Vitor Braga

In the footwear industry, when market’s demand exceeds the company’s manufacturing capacity, subcontracting is
generally considered. The downward trend in the number of pairs per order was accentuated with the COVID-19
pandemic. In order to give a quick and efficient response to customers’; several companies consider that each
order can, in principle, be assigned for internal or external production. The present work presents an empirical
study with real data from a company in the footwear sector located at the Tamega e Sousa Region. The aim is to
propose a model for assisting in the production planning decision-making process, for the two main phases in the
manufacturing process. With the aim of minimizing the overall cost, each order must be assigned for one of the
available subcontractors or for internal production, while taking into account the conditions that most influence the
processes. One year data, provided by the company, is used to test the model, considering biweekly and monthly
planning. Furthermore, taking the company’s current process, grouping the orders of the same article, is also
consider in the tests. The results show the economic advantage in using mathematical modeling. In fact, for the
tested instances cost reductions were found in both phases of the manufactured process. This work has been sup-
ported by national funds through FCT - Fundagao para a Ciéncia e Tecnologia through project UIDB/04728/2020

Keywords: Outsourcing, Footwear Industry, Binary Linear Programming, Assignment Problem
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Submissao #36

Um modelo de decisao bi-objetivo para otimizacao de portefélios de projetos
em servigos administrativos
Jorge Noro, Luis Dias

Este trabalho apresenta um modelo bi-objetivo de otimizacido para a gestdao de portefolios de projetos, centrado
no compromisso dos agentes. O modelo maximiza os ganhos (econémicos) do portefélio enquanto assegura o
compromisso da equipa com a organizagao. O desenvolvimento de competéncias dos agentes também é conside-
rado, de modo a melhorar o desempenho da equipa ao longo do tempo. A formulagdo permite selecionar quais
os projetos a serem implementados e por quem. A afetacdo dos projetos considera a carga de trabalho de cada
agente, as suas competéncias e a forma como essa alocagao de novos projetos afeta os seus compromissos com o
servico, através das dimensoes de Absor¢ao, Dedicagao e Vigor da escala de UWES (escala de compromisso com
o servigo de Utrecht), na sua forma reduzida. Sao apresentados resultados experimentais, num cenario baseado
na experiéncia de servigos administrativos de suporte a projetos de investigagdo e inovagao.

Keywords: Gestao de portefolios de projetos, Compromisso dos agentes com o servi¢o, Otimizagao
multi-objetivo

UM MODELO DE DECISAO BI-OBJETIVO PARA

OTIMIZACAO DE PORTEFOLIOS DE PROJETOS [WA\RBII®) (5_
EM SERVICOS ADMINISTRATIVOS e -
Como escolher e alocar novos projetos sem perder a equipa?

RESUMO
UNIVERSIDADE B

Este modelo de decisdo bi-objetivo permite selecionar os COIMBRA
projetos a executar, otimizando a sua alocacao ao

portefdlio da equipa, tendo em conta:

- o valor de cada projeto para a organizagao

- o desenvolvimento dos skills da equipa pela experiéncia

A afetacao de portefdlios de projetos a equipas dentro das R E S U L T A D o S

organizacdes pode contribuir tanto a um aumento do O modelo permite encontrar os
compromisso dos agentes como ao seu desgaste fisico ou pontos da frente de Pareto
emocional, logo, do seu compromisso com a organizacao.

PDA - STAFFING

De acordo com a Escala de Utrecht para o Work
Engagement, as dimensées do Vigor, Absorcao e Dedicacdo
assumem um papel determinante no compromisso dos

s 74 75 16 17 78 19 8 81
agentes com a organizacao. 72-Develop Skills
Values for work before and after allocation, for agent’s workload. =
s o CONCLUSOES
member _portfl W
5 WE, = £(V1,AB, DE) Deta scores ¥n=1-W& | O modelo possibilita a analise de
VI, ABy DEy VI, AB, DE; v A8 DE as . -
s 4 o oz os o4 0w sy 0% % - o6 objetivos conflituantes através de
s 10 039 o&7 072 008 041 070 A% 2% 1% 06 solucées Pareto-6timas, permitindo
5 5 08 02 03 058 01> 03 2% K 1% 06 o G EEerEs £ SElEEE 6o
s, 4 0B 08 100 067 077 100 6% 7% 1% 02 i’ .
s 2 o&7 o089 08 067 o089 083 - - - 02 compromisso que prefiram.
reom | WB 6% 7% 6% ask a0 esx 6% s% 2% O compromisso dos agentes resulta
AWE, 3% 5% B .
= da afetacao de projetos, que
Starting Skills considering training and experience profiles condiciona o desempenho da equipa
el profil BCT PE m . -
vl rofile Have NotHave Have Nothave Have Nothave | € OT8anlizacao.
000-024  Basic x X x O modelo permite atuar sobre o
0.25-0.49 Intermediate low X X X N
050-074  Intermediate high X X X trade-off dado pela necessidade de
0.75-1.00 Advanced X X X £ .
Legend: BCT - Basic Curricular Training, courses and other suitable training; PE — Professional | afetar novos projetos e manter a
Experience, and accumulated service time in related functions; IT ~ Internal Tutoring, assignment equipa coesa.

on-the-job training

Values for entry and final skills and for agent’s workload.

Staff member  Total Projects  Entry Skills, ¥/ Proj Qops Develop Skills End Skills, '/ Proj
= P ¢t Ongoing, C;j  New Proj, Ci; &
St 4 0.40 048 +0.40 0.88
52 10 0.90 0.60 +0.33 0.92
S 5 0.50 010 +0.50 0.60
Ss 4 0.40 0.42 +0.30 0.82
s 2 0.25 0.80 =0.00 0.80
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Submissao #37

Dynamic Sectorization - Conceptualization and Application
Filipe S. de Sousa, Elif Goksu Ozturk, Maria Margarida Lima, Ana Catarina Nunes, Cristina Lopes,
Cristina Teles, Ana Maria Rodrigues, José Soeiro Ferreira

Sectorization is the division of a large area, territory or network into smaller parts considering one or more ob-
jectives, intending to optimize or simplify a problem. Dynamic sectorization deals with situations where it is
convenient to discretize the time horizon in a certain number of periods. Certainly, the decisions will not be
isolated, but they will consider the past and the forthcoming periods. The application areas are diverse and in-
creasing due to the uncertain times in which we live. For example, solving this problem can be useful for delivery
companies where the demand is always changing. We propose a conceptualization of dynamic sectorization and
apply it to a problem under research related to distribution with variable demand. Furthermore, the solution
to that problem is obtained using a Decision Support System developed by the authors. This work is financed
by the ERDF - European Regional Development Fund through the Operational Programme for Competitiveness
and Internationalisation - COMPETE 2020 Programme and by National Funds through the Portuguese funding
agency, FCT - Fundacao para a Ciéncia e a Tecnologia within project POCI-01-0145-FEDER-031671.

Keywords: Sectorization, Dynamic Sectorization, Decision Support System
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Sectorization Dynamic Sectorization - Conceptualization
Sectorization is the division of a large area. territory or + Dynamic sectorization deals with situations in which it is relevant to
network into smaller parts considering one or more objectives,
intending to optimize or simplify a problem. discretize the time horizon in a certain number of periods (T = 1,2, ..., K).

* Each period. a new sectorization is performed.
* Decisions will not be isolated but will consider the past and the future
periods.

Delivery Problem

+ Nfacilities with a limited capacity will serve their customers during the next days.
>N The location of the customors s known and it does notchangs over fime :R

+ The demand changes over time

R rgpu

OBJECTIVE: Design compact. contiguous and balanced sectors for each day. maintaining the sectors similar.
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Sectorization at T = 2

Sectorization at T = 3

INESC CEQSPP ISCTE £ 1L

de Lisbos

£ 5

compeTE 2020

0CL01.0145-FEDER 031671

Figueira da Foz, 7 e 8 de novembro de 2021



50 IO 2021 | XVI Congresso da Associacao Portuguesa de Investigagao Operacional

Submissao #38

Pharmaceutical supply chains for the future
Catarina Marques, Jorge Pinho de Sousa

As never before, the COVID-19 pandemic has shown the extraordinary importance of the pharmaceutical industry
and its supply chains. In fact, not only pre-existent supply chain weaknesses are being exposed and aggravated,
but also technological breakthroughs and operational innovations have been boosted by the urgent need for a fast
and direct response to the pandemic. Even if these recent operational initiatives seem to defy some of the current
management paradigms, one needs to understand how they will endure in the future. This is particularly relevant
to guarantee these general approaches will ensure an uninterrupted and efficient worldwide supply of innovative
medicines. In this context, this work aims to present a comprehensive overview of the industry most prominent
challenges, as well as to understand the pharmaceutical supply chain network dynamics and idiosyncrasies, in
order to develop a reference architecture for supporting high-level decision-making. The main purpose of such
architecture is to fast-track vulnerabilities along the distribution chain, and to anticipate the resulting risks pro-
pagation across the network in several uncertainty scenarios. This assessment is expected to provide insights
to build both proactive operations strategies and reactive plans, fostering enhanced supply chain resiliency and
flexibility.

Keywords: Pharmaceutical supply chain, Resiliency, Flexibility, Simulation-optimization, Uncertainty
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THE PHARMACEUTICAL SUPPLY CHAIN (PSC) SUPPLY CHAIN DYNAMICS AND CHALLENGES

Flexibility and resiliency
Market * network redesign: fast network redesign

%

Product
Chemical
Biologics

personalized

Mass market * dynamic capacity management: fast upscales and downscales
Niche market

Target specific « ability to withstand disruptive events

Technology complexity Sustainability
Batch production dimensions + economical perspective: fast time-to-market, cost-eficient operations

Continuous
production « environmental perspective: waste generation, better resource utilization

Network « social perspective: global access to medicines, social responsibility, regional

Globalization development
Centralized /Decentralized

Regulaton y N L.
Cold-chain SC Operational efficiency

Product and process

regulatory compliance « improved production planning and scheduling solutions

HOW TO DESIGN A SUSTAINABLE, FLEXIBLE AND RESILIENT SUPPLY CHAIN?
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an end-to-end holistic approach
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.
« flexible PSC components
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« exploitation of simulation-
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EXPECTED CONTRIBUTIONS

flexible and resilient PSC sustainable PSC
f risks and ties (s g of SC designs) « understanding and quantifying the impact of each sustainbale dimension
+ “contingency” plans and recovery strategic policies + focus on multi-objective analysis
+ fast PSC (re-) design « cost-efficient solutions balanced with the environmental and social concerns
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Submissao #39

Using Reinforcement Learning to select Dispatching Rules for the Flexible
Job Shop Scheduling

Nuno Marques, Gongalo Figueira, Luis Guimaraes

With the rise of Industry 4.0, organizations must keep up with the technological evolution and fierce competition.
Under this paradigm shift, operations management problems in general, and production scheduling in particular,
present new challenges, such as real-time decision making. Therefore, reactive methods such as Dispatching Rules
(DRs) are reemerging as a popular choice in dynamic scheduling due to their interpretability, simplicity and ove-
rall satisfactory performance in uncertain environments. Over the years, researchers have combined simpler rules
to form more performant ones, the so-called Composite Dispatching Rules (CDRs). These studies resort either to
extensive domain knowledge to manually compose them, or to methods that automatically generate CDRs, such
as, Random Forests or Genetic Programming. Even though CDRs present good performance, the literature is
unanimous to state that there is not one rule that works well across diverse Scheduling conditions, that is, light
to heavy utilisation and tight to loose due dates. Therefore, this work aims at investigating the suitability of
using a Reinforcement Learning (RL) agent. RL’s main advantage is its adaptability, as RL agents continuously
learn by collecting new observations from the environment. However, key issues, such as the reward function and
computational effort, might compromise its performance.

Keywords: Production Scheduling, Reinforcement Learning, Flexible Job Shop, Industry 4.0

Using Reinforcement Learning to Select Dispatching
Rules for the Dynamic Flexible Job Shop Scheduling

Nuno Marques, Gongalo Figueira, Luis Guimardes
INESC TEC, Faculty of Engineering, University of Porto

MOTIVATION

* Manufacturing settings are increasingly dynamic and flexible.
* The Dynamic Flexible Job Shop Scheduling Problem (DFIJSSP) is one of the most relevant problems in
this context.
* Two main research communities:
— Operations Research — derives Dispatching Rules (intuitive, but lack performance)
— Machine Learning — using Reinforcement Learning to dynamically select Dispatching Rules
(promising, but still quite unexplored)
* Hypothesis under study: a Reinforcement Learning (RL) agent that can choose a DR according to the
job shop conditions is an effective solution to the DFISS problem.

THE DYNAMIC FLEXIBLE JOB SHOP SCHEDULING PROBLEM

* Jobs arrive stochastically at ‘ Machine 1 Machine 2 * When a machine is
the shop P4 A idle: select an
) | ‘ operation according
* Operations can be o Machine 3 Machine 4 to DR (allocation +
processed by more than .
sequencin,
one machine | ® 9 ¢

REINFORCEMENT LEARNING CONFIGURATION

Type of Q-Learning, asitallows to use a discrete action set and relies on fewer

RL parameters than Deep Q-Learning
Action 6 different DRs that can be found in Luo (2020); these were properly modified ~ state| |reward action
set  according to the simulation specificities s e 4
Reward Positive (value: 1)if a decrease in actual tardiness is observed, -1 if 5. | Environment |[e—
otherwise; estimated tardiness and machine utilisation are used when ties occur

7 different states from Luo (2020) regarding utilization, operations and jobs. §::Z': ‘;;22?;5;7:1 “&Té’;@;ﬁ&? ";‘E"""‘""‘"‘ =
State set  completion rate and tardiness metrics; the domain of the states is [0,1] for P
generalizability

RESULTS AND DISCUSSION
* Performance was measured on a test set composed by
RiAgent N 100 replications;
* The RL agent outperfomed the rules that compose the
Rule1 x2.4 action set;
* Which is aligned with the initial hypothesis that using
Rule2 x3.4 different rules for particular job shop conditions would
result in lower tardiness figures.
Rule3 x5.6
& INEsC . @ tRusTAl 02021
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Submissao #40

Genetic Programming: a new way to rethink online fulfillment optimization?
Sérgio Castro, Gongalo Figueira, Bernardo Almada-Lobo

Online retail represents around 18% of global retail sales. As its growth shows no sign of slowing down, prac-
titioners still face many unresolved challenges. Last mile delivery costs in online retail are often higher than in
traditional retail due to the need to ship items from a fulfillment center to a customer address, which results in
a challenging dynamic optimization problem. We have investigated an approach based on genetic programming
for the online order fulfillment problem. The main advantage over mathematical programming approximations,
which dominate the literature, is the easiness in inspecting, reproducing and implementing decision rules. These
are critical features for adoption by practitioners. Decision rules were trained and tested on a set of instances
that approximate real-world settings. Results show: (1) an improvement of 2,4% over the myopic policy, cap-
turing around 16% of the improvement gap between the myopic policy and a perfect hindsight solution; (2) an
improvement of the performance of the generated decision rules with a higher crossover probability and a lower
limit on the maximum tree depth; and (3) the most relevant terminals are those related to the problem’s costs
function, namely the distance to the order location, and the ability to fulfill multi-item orders.

Keywords: Online Fulfillment, Dynamic Optimization, Genetic Programming, Machine Learning
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Genetic Programming

A new way to rethink online fulfillment optimization?

Sérgio Castro, Gongalo Figueira, Bernardo Almada-Lobo
INESC-TEC & FEUP

The Setting

Last mile operations, often the most cost-intensive part of e-tailers supply chains (e.g.
Amazon, Alibaba, Farfetch), require a careful optimization. An important issue is
sequentially deciding from where to ship orders, as they arrive, given a complex
network of supply nodes.

The Challenge
Example - Two warehouses (WH1 and WH2), two SKUs (and@) stored:

L WH1 \ i WH2 \
BIOJO

Order #1: From which warehouse do we ship the ordered product?

Fulfillment cost from WH1 is 10€, while from WH2 is 8€, since WH2 is closer to the delivery
point (DP). Thus, we chose WH2. Next order:

Our only option is to split the order between WH1 and WH2,
Order #2: + @ resulting in a fulfillment cost of 18€ for order #2, and a total
fulfillment cost of 26€.

Had we chosen to fulfill order #1 from WH1 for 10€, we could have fulfilled order #2
entirely from WH2, at a cost of 12€, resulting in a total fulfillment cost of 22€.

This example illustrates that the crux to solving the problem is capturing the trade-off
between the immediate myopic costs and the future value of the inventory state.
The Solution & Results

We propose solving the problem using Genetic Programming, simulating decision rules
and using an evolutionary process to guide the optimization.

Decision rule (DR) example: T 1n the previous example, 14.8%
using the DR to choose
° the WH to fulfill order #1:
®@ @ ©] s
B 1 1 2.2%
®O®® s
DR3 [2.0 2.8 Perfect DR
: . | |
P Possible Improvement
The WH that minimizes | .
e o DR is WH1, thus the DR improvement achieved by

over a policy that| |the

was able to capture assigns orders| [example’s DR

A: Distance from WH to DP (normalized 0-1, 1 ->

distance from the DP to the furthest WH); the aforementioned A
B: % of items in the order the WH can deliver; trade-off! minimizing  the||(one of the
C: % of all items the WH has in stock. immediate cost best found)

Figueira da Foz, 7 e 8 de novembro de 2021



IO 2021 | XXI Congresso da Associacao Portuguesa de Investigagao Operacional 53

Submissao #41

Improving Decision-Making in the Transport of Patients: A Case Study

Emanuel Lopes, Eliana Costa E Silva

The transport of non-urgent patients in Portugal is mostly performed by fire stations. These non-profit organizati-
ons face budget limitations. Therefore, it is essential to make a better use of the existent resources. Furthermore,
the COVID-19 pandemic and the urgency to reduce the environmental impact of Human activities, enhances
the need to improve patients’ transportation. There has been efforts to develop solutions to assist these orga-
nizations. However, most of the solutions do not fit the reality or are not user friendly to be adopted by fire
stations. Previously, the open-source VRP solver by Erdogan (2017) was examine using instances extracted from
real data provided by a fire station. The fire station daily transports patients from their homes to the clinic
located at its facilities. Although, the VRP solver was able to yield solutions in an acceptable run time, delays
above an acceptable number were observed. In the present work, adaptations were made to meet the needs of
the fire station. Specifically, constraints on arrival time to the clinic, based on the earliest appointment of the
transported patients, were added. Also, several parameters were tuned and a macro was created for a faster
evaluation of the solutions. The results show a reduction on delays and on the distances. This work has been sup-
ported by national funds through FCT - Fundagao para a Ciéncia e Tecnologia through project UIDP /04728 /2020.

Keywords: Vehicle Routing Problem, Metaheuristics, Large Neighborhood Search Algorithm, Health
Care, Transport of Non-urgent Patients
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The transport of non-urgent patients in Portugal is mostly performed by fire stations. These
non-profit organizations have tight budgets and cannot afford to buy expensive software.
However, it is not always easy to find open source tools for improving their services. In this
work, an open source tool available online and developed in Visual Basic for Applications, is
tested using data from provided by a fire station in the North of Portugal for possible use on
the generation of routes for transporting patients to and from their medical appointments.

However, to meet the needs of the fire station it was require to add further time constraints, N s M
and sequentially the tests were repeated and compared with the real routes travelled by the ; g
ambulances. Also a macro was created to allow a faster evaluation of the solutions given by v v w
the solver. The results show a significant reduction on the number of delayed patients. . o w
‘THE FIRE STATION . o o

¥ Daily transport of non-urgent patients

¥ Has a physiotherapy clinic in the facilities of the fire station
v Three ambulances and three firefighters (drives)

¥ Each of the patients has to be transported from his/hers home to the physiotherapy clinic
and back home.
¥ The ambulance:

T

! o o o 0 1 b o1 o1
patients .

V starts at the fire station (depot),

 picks up

¥ returns to the dlnic in time for the patients’ appointments Delayed patients

v The capacity of the ambulance must be maximized .

v Routes should minimize the distance traveled and the delayed time of the patients . s hd BEPY °
DATASET AND METHODOLOGY 3 . . <
The dataset contains with information provided by the fire station concerning 442 patients, 10 ] . .

days of work of one ambulance and firefighter. It contains for each patient:

v itsiD,

¥ the day that the transport must occurs,

¥ the address,

v ppointmen

v 0 pick up the patient (patients in wheelchairs take a ttle longer)

¥ how many patients are picked up in each address.

A total of 20 instances, corresponding to the morning and afternoon of each of the 10 days,
were considered. In order to reinforce time constraints, the new constraint considers all “time
windows end” equal to the smallest “time window end” of the patients assigned to that route.
This will impose that the ambulance to return to the depot (clinic) in time for the appointment
of the first patient to be treated.

THE VRP SPREADSHEET SOLVER

¥ Consists on an user-friendly and open source software created by Erdogan [3].

¥ Runs in Microsoft Office Excel, considers locations resorting to the Geographic Information
Systems and was capable to find solutions for a large number of VRP variants with up to 200 v Delays are still observed for some patients, however the number of

customers delayed patients decreased significantly when compared to the
¥ Itis an user-friendly and open source software created by Erdogan [3)]. observed in [1]
¥ Runs in Microsoft Office Excel, considers locations resorting to the Geographic Information v The number of delayed patients decrease from above 50% in [1] to
Systems and was capable to find solutions for a large number of VRP variants with up to 200 below 17%.
customers, v The total distance traveled by the ambulances, when using the
v Implements an algorithm that uses several ~metaheuristics. Specifically, the Large solver, presents savings of approximately 58 km.
Neighborhood Search, which has been widely used for determining feasible solutions for ¥ This would result in saving on fuel and maintenance of the
scheduling VRP [4], including several variants of VRP, such as, CVRP and VRPTW (2], ambulances by the fire station, as well as reduction of the ecological

footprint.

CONCLUSIONS AND FUTURE WORK

v By adding further constraints, for meeting the specificities of the fire station, the VRP Spreadsheet Solver [3] could be a useful tool for assisting the firefighters on
planning better routes

¥ Future work aims at reinforcing time constraints and relaxing the distance ones, as well as changing the objective function, in order to further decrease the number
of delayed patients

ort problem. Advances i Inteligent Systems and Computing, 1375 AIST:375-384, 202
h, 34(8):2403-2435, 2007,
ns R 84:62-72, 2017
ng problems. Lecture Notes in Computer Sclence (including subseries Lecture Notes in Artifical Intelligence and Lecture

o ESCOLA - - . ..
ey SUPERIOR This work has been supported by national funds through FCT - Fundagdo para a Ciéncia e
P.PORTO Pens ™ Tecnologia through project UIDP/04728/2020
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Submissao #42

A taxonomy of current literature on retail operations: planning decisions
and approaches
Anna Del Zotti, Susana Relvas

Retailers must embrace a customer-centric approach over operations in the retail supply chain to compete and
endure effectively in the current disrupted digital market. Thus, they must be agile and forward-thinking in the
use of relevant methods to make suitable decisions and address ongoing difficulties. This work aims to (1) provide
a taxonomy of current literature on retail decisions’ planning at the strategic, tactical, and operational levels;
and (2) review trends and directions of approaches to address the above decisions towards the achievement of
customer-centricity and decision compatibility across the three levels of planning in the retail supply chain. The
current work is based on a categorization process that emphasizes the importance of managing a retail business
as an integrated system, rather than considering each level separately without coordination among levels, by
identifying customers’ needs and pain points and then developing a solution to sell them, placing the customer
at the center of all strategies. Finally, by addressing the limitations inherent in this study, we highlight various
research gaps and suggest opportunities for developing retail expertise in the operations management community.
To answer our research questions, we collected and analyzed a total of 308 papers.

Keywords: Retail Operations, Retail Supply Chain, Decision Levels, Customer-centric Approach
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A taxonomy of current literature on retail operations:
planning decisions and approaches

Anna Del Zotti*, Susana Relvas
CEG-IST, UTL, Av.Rovisco Pais, 1049-001 Lisboa, Portugal *Corresponding author: anna.del.zotti@tecnico.ulisboa.pt

Contribution \

Fill a gap in the literature. We provide a taxonomy of retail
decisions’ planning at strategic, tactical, and operational levels.

Offer a tool for retailers. Through this taxonomy, retailers can
have a vast picture over the methods to use.

Customer centricity. Retailers must work on the principle of
meeting the customers’ needs.

Future research works. We highlight various research gaps, and
suggest opportunities for developing retail expertise in the
operations management community.

The critical importance of retailers in the supply chain. They shape the
Iifestyle of people, and dominate the supply-chain.

The neglection over strategic retailers’ issues in the literature. The
majority of the works covers operational activities.

Challenges in the last decade in retailing. The switch to omni-channel
buying experiences; customers expectation toward a seamless experience.

The achievement of a customer-centric approach in retailing. Forsaking
the product-centric approach is the key way to survive.

The goal of the commercial sector. How to pull ahead in a digital area,
how to thrive big players and uncertain events, e.g. pandemic.

Methodology - Eatigreearhaides

Systematic Literature Review (SLR] * Keywords formulation
4 (XY - Search in electronic databases (i.e., Web| ~[Data abstraction and analysis:

i - Descriptive analysis (i.e., what, when, who,
Formulation of Research Questions: [piiciEsience) e 2l
(1) What are the main decisions related to| 1] . atiopted
strategic, tactical, and operational level for| [Selection and evaluation of research] |- Theme addressed
retailers? articles: [~
(2) Which type of method(s) should be| |- Papers written in English ]
i to face each decision accurately? | |+ Exclusion of papers covering different| )
(3) How customer-centricity practices were| | fields SVFT::;S;::‘;";::::::;“ L LIl
treated through these methods? ndepencene resdog of sbsracss{ | o i or e wors

Game theory; Stat
Channels Omni-channel impact i
Learning

Network design Location and amount Optimization; Simulation
Decision Analysis; Opti
Store site location Geo-spatial; competition; factors 7

i ia tatistics; Spatial Anal
Reverse logistics 0 Omni-channel; ircular economy Optimization; Decision Analysis

Optimization; Decision Analysis;
Supplier selection e 3 ysis;

Store-type Ownership; merchandise; price  Literat
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Nesting and scheduling for additive manufacturing: an approach considering
order due dates
Paulo Nascimento, Samuel Moniz, Cristovao Silva, Stefanie Mueller

Additive manufacturing (AM) is an emerging production technology that is gaining enormous popularity in ma-
nufacturing systems, facing its industrialization phase. However, to adopt this technology, adequate scheduling
of the AM machines is critical to guarantee the desired levels of efficiency. AM has unique characteristics such
as producing parts with different materials, areas, heights, and volumes in the same building platform, which
require integrating nesting (2D bin packing) decisions with scheduling decisions. Moreover, producing different
parts simultaneously in the same building platform means that a part inherits the completion time of the assigned
batch even if it is completed much sooner. Thus, this paper investigates and proposes a formulation to solve the
problem of nesting and scheduling of parallel AM machines, while considering the satisfaction of order due dates.
The integration of nesting with scheduling, as well as the consideration of different due dates, are often neglected
aspects in the relatively small existing literature on AM scheduling. An example motivated by an industrial case
is used to demonstrate the applicability of the proposed formulation and the importance of adequate scheduling
of AM machines.

Keywords: Additive manufacturing, Scheduling, Nesting, Bin packing, Mathematical programming,
Production planning

Research funded

Nesting and scheduling for additive
manufacturing: an approach 7 “a
considering order due dates . wiu. oo mm—

PO Student Professor FCTUC  Professor FCTUC _Professor MIT EECS /
Met

how to solve nesting and scheduling decisions simultaneously?
______ Vv

processing
‘machine (BPM)
scheduling
problem
assumptions integrated CP model for nesting and scheduling
* Identical parallel AM machines Relevant parameter Objective function
+ Processing time of job j = Longest Hy  jobwheredotdbelongs| ..., 2 presence0f (B,) + (newjob + size0f (B;) + Z T, « tardycost
processing time of parts in job Binary variables ') i
* Setup times are not considered Xia  assign partito dotd Nesting
» All products fit in the AM machine and Ty tardyjobi Xa=1= Z Xew =0, Siz2e0f (Byg) = pi+ X ¥ (€ 1,d € IFP,
use the same material and layer thickness | | [nterval variables e
vieldelFp startOf (By,) = 1+ Xi, ¥ i € 1,d € IFP,
* Due dates can be exceeded by a B;  interval of time of job
A . Xa=1= Delay * T
maximum value, but with a penalty My interval of time ofjobj | ' Xu=1viel = endor(Bn) ~ dayvie nae ien
+ A number of jobs is predefined but not in machine m aen .
all jobs are necessarily used Sequence variables Other
+ Nesting based on the dotted board model | | S,,  order of intervals in alternate(B;,{M;,}),¥j € J,m €M Symmetry breaking constraints
with binary variables of Cherri et al* machine noOverlap(T), v m € M
promising results for short term planning future steps
Computational time s strongly affected ~ Symmetry breaking constraints (SBC) work | | Address the computational performance of
by the number of jobs better with more jobs than required the CP model
15 parts 2 machines 15 parts 2 machines 15 parts 2 machines | |+ Adopt a more efficient nesting model with
j 5jobs

integer variables and the new global
constraint of Cherri et al* — 63% faster

Time (hours)

+ Introduce more symmetry breaking and
redundant constraints

3 Optimal solution

s i obs 02

o '
J

6

Time (hours)

4 5
Predefined # of jobs *  Better and faster instantiation of the model

Knowing in advance the optimal number CP quickly finds good quality solutions

of jobs increases the model performance  but takes time to prove optimality Future model add-ons

e Instances (2 machines) + Consider sequence dependent setup times
2. T5parts |18 parts |20 parts + Integrate non-identical AM machines and
<, 5jobs. 5jobs. 5jobs different AM technologies

Eo gc\Find 776 1229 1708 by families of products based

£8 o . y families of products based on
5 10 15 » E2[prove | 126 | s | 247 the material used and layer thickness
#of parts
L Zhang), Yoo arallel i Int) Prod Res.

Xt for p
2. Cherri LH, Carravilla MA, Ribeiro C, Toledo FMB. Optimality i

MIT Portugal CEMMPRE

-overlap. Oper Res Perspect, 2019,6(100125)

N Acknowledgments:
B FCT :::f:zgmh PRODUTECHHS&C, POCI01-0247-
) 9 0 Univinsiowr FEDER 046102, FCT-UIDB0028572020
@ COIMBRA eaTecnologia s siiyBDis14172021

Figueira da Foz, 7 e 8 de novembro de 2021



56 IO 2021 | XVI Congresso da Associacao Portuguesa de Investigagao Operacional

Submissao #44

Production Planning and Scheduling in the Footwear Industry
André Moreira, Ana Viana, Jodo Pedro Pedroso

In recent years, the Portuguese footwear industry has changed drastically. What used to be a low-cost mass pro-
duction industry has changed to retail chains dealing with small orders and personalized footwear. These changes
increase the demand for flexible and fast production lines, able to deliver orders of any size. This paper deals
with production planning for the injection line of a company producing safety shoes. In this study, a new method
for long/medium-term planning is proposed to balance the production over the following weeks, minimizing the
production costs, stocks and backlog requirements. This is complemented with a short-term planning (sequencing)
algorithm for dealing with operational requirements. In order to solve both problems simultaneously, a method
iterates between the midterm lot-sizing problem and the scheduling a heuristic, adjusting the capacity considered

in lot-sizing if the scheduling problem turns out to be infeasible. Results obtained show that the company can
significantly benefit from this new planning method.

Keywords: Lot-Sizing, Scheduling, Production Planning
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Desenho de redes para o combate a incéndios florestais
Filipe Alvelos, Susete Marques, Mariana Dias, Isabel Martins

O tempo de resposta a uma igni¢do é um factor crucial no sucesso do combate aos incéndios florestais. Neste
trabalho, propde-se a construgao/operacionaliza¢ido de uma rede viaria que facilite a movimentagao de meios para
a vigilancia, pré-posicionamento e ataque inicial de incéndios florestais. A rede é definida por um conjunto de
bases e das estradas que as unem e o seu desenho tem com fungdo garantir que é possivel chegar de uma base a
qualquer local de uma potencial igni¢cao dentro de um tempo limite pré-determinado ou, nao sendo possivel chegar
a todos, chegar ao maior nimero de potenciais locais de ignicao. Com base em modelos de programagao inteira
mista que combinam p-localizagao com caixeiro viajante e com arvore de suporte, analisam-se duas potenciais
configuragbes da rede: em anel e em &arvore. Discutem-se diferentes objectivos e a incorporagdo de incerteza
nos locais de ignigdo. Este trabalho foi realizado no ambito PCIF/GRF/0141/2019 "O3F - An Optimization
Framework to reduce Forest Fire"financiado pela FCT, Fundacao para a Ciéncia e Tecnologia.

Keywords: Incéndios florestais, Programacao inteira mista, Redes, Cobertura
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The integrated 2D-CVRPTW with cargo loading and balance constraints

Elsa Silva, Ana Moura, Antonio G. Ramos

This work integrates the capacitated vehicle routing problem (VRP) with time windows and the 2D loading pro-
blem with balance constraints. The goods placed in pallets are delivered to the different clients in identical vehicles
while guaranteeing that the distribution of the weight of the load plan between the vehicle axles is within limits
determined by regulatory and technical requirements. Implementing new regulatory and technical requirements
for the distribution of vehicle axle weights in road freight transport places a new set of constraints on VRP. The
load plan in the freight transport units has been neglected in determining the routing of vehicles, which acquires
greater importance since non-compliance with the axle weight distribution legislation translates into heavy fines.
A three-phase math-heuristic is proposed to generate cargo loading plans and routing sequences of a palletised
cargo distribution problem. The math-heuristic gives greater importance to the loading problem, and then to
the VRP. Moreover, a new MILP model for the 2D pallet loading problem with balance constraints taking ad-
vantage of the standard dimension of pallets is proposed. Extensive computational experiments were performed
with well-known literature benchmark instances extended to incorporate additional features. The computational
results show the effectiveness of the proposed approach.

Keywords: Vehicle Routing Problem, Vehicle Loading Problem, Load Balance, Math-heuristic
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Cross-docking in-house operations: a simulation-optimization approach
Fabio Coelho, Susana Relvas, Ana Barbosa-Pévoa

The need for companies to have extremely efficient and flexible distribution facilities makes in-house logistics
operations complex in a just-in-time context. Thus, to reach the desired levels of efficiency for their companies,
decision-makers need to be equipped with decision support tools to help them manage their in-house logistics
operations. In this way, a decision support tool based on an optimization-simulation approach is here developed
to explore in-house logistics operations. Several scenarios are analysed in order to study these operations with the
objective of finding possible sources of congestion and identify improvements. The developed tool was applied to
a real-based case of a cross-docking facility, and the results show possible improvements in the system through
the optimization of in-house logistics operations.

Keywords: simulation-optimization, in-house logistics, cross-docking, warehouse
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Simulation-optimization approach

The simulation-optimization decision support tool consists of the
iterative use of both optimization and simulation models to address the
in-house logistics optimization of a distribution facility. The general
methodology structure is shown in the figure. ey

« Phase 1: the optimization model is formulated to achieve an optimal ) o &
solution for in-house logistics operations; A2851 AL A-1

« Phase 2: the dynamic component of the problem is simulated to

assess the feasibility of the solution (given by the optimization model). i N a0y

« Phase 3: If the solution is infeasible (regarding resources, capacities, i 24383 2382 2
on-time demand, and/or makespan) it is necessary to make some 3
adjustments in parameters or add some restrictions and return to the. verage o N N i
'optimization model. 550.2 573.0
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Supply Chain Resilience considering uncertainty and sustainability
Joao Pires Ribeiro, Daniel Santos, Ana Barbosa-Povoa

The COVID-19 pandemic brought many changes to how people and companies operated. Much of the strain cau-
sed was unpredictable, and to some extent, with consequences few have foreseen. This reality brought a spotlight
to Supply Chain Resilience (SCR) and its importance to a stable and prosperous society. This unpreparedness
meant that companies had to adapt their operations on the fly, without any actual preparation, which led to
the success of some and the failure of others. Concepts used in SCR as redundancy and flexibility are tools that
could have been useful. However, it proved to be far from a universal approach due to the intricate operations of
modern supply chains (SC). Moreover, the scarcity of resources and the trade-off towards maximum profitability
under steady-state conditions turns the effort of designing and planning a SC into a challenging task. Here, we
present our work that combines SC Resilience challenges; SCR metrics, disruptive scenarios modelling and sus-
tainability. We use a novel SCR metric to compare different solutions, a scenario tree with the relative likelihood
of disruptions and robust optimization in the price of CO2 to prepare a SC for Resiliency while keeping with the
overall objective of being profitable and satisfying the client demand. Our results show that strategic decisions
of Supply Chain Management are crucial for SCR, and that the cost of CO2 can have a meaningful impact in SC,
urging decision-makers to act promptly to prepare for the future.

Keywords: Supply Chain Resilience, CO2, Uncertainty, Disruptions
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Abstract

The COVID-19 pandemic brought many changes to how people and companies operated. Much of the strain caused was unpredictable, and to some extent, with consequences
few have foreseen. This reality brought a spotlight to Supply Chain Resilience (SCR) and its importance to a stable and prosperous society. This unpreparedness meant that
companies had to adapt their operations on the fly, without any actual preparation, which led to the success of some and the failure of others. Concepts used in SCR as
redundancy and flexibility are tools that could have been useful. However, it proved to be far from a universal approach due to the intricate operations of modern supply chains

Objectives

« Design and Planning of a SC considering the trade-off between maximum profitability under steady-state and resilience capabilities.
+ Our work combines SC Resilience challenges; SCR metrics, disruptive scenarios modelling and sustainability.

« Study the impact of uncertainty in resilient SC, namely the variability in the prices of CO2.

Highlights

* We use a novel SCR metric to compare different solutions, a scenario tree with the of disruptions and in the price of CO2

« This approach allows to build a resilient SC while keeping with the overall objective of being profitable and satisfying the client demand.

« Our results show that strategic decisions of Supply Chain Management are crucial for SCR and that the cost of CO2 can have a meaningful impact in SC, urging decision-
‘makers to act promptly to prepare for the future.

Introduction
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Robust Optimization approach for the CO2 Cost per time period

Uncerttainty set U presented below follows the cardinality-constrained approach of Bertsimas and Sim (2004)

The cost Cu, is uncertain in an interval [Cut, — &, Cug + 5] Tramsportation
Cuy is the nominal (or deterministic) value; &, is the maximum allowed deviation; I" is the budget of uncertainty that controls how many of the
uncertain parameters can deviate from their nominal value.
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significant changes in the other KPI, namely higher service level. The investment in the
satisfaction of demand does not correspond directly to the reduction in ENPV.
Allowing the decisions on the flows to open to happen every scenario (from strategic to
tactical decision level), bring o clear benefit, leading to a small reduction in emissions.
Variations on the price of CO2 has a significant impact on the results. Notably the metric value decreases significantly. This is a
result of the difficulties in meeting demand without aggravating too much the costs.
As the prices increase there is less difference between the solutions since the space of possible, and feasible, decisions is
smaller.
Seems to indicate that just responding to CO2 costs and disruptions with the operation “as is" is not the best option. Investments
in lower emissions should be considered. CO2 costs are around 34% of ENPV.
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Monetization Methods for the Design and Planning of Green Supply Chain

Catia da Silva, Ana Barbosa-Pévoa, Ana Carvalho

The need to comply with environmental requirements has become a growing issue in supply chains. Nowadays
it is not enough to achieve strong financial outcomes, but also to respond to environmental practices that are
required for a better companies’ sustainable development. Additionally, the environmental decisions are not easy
to take due to the difficulties associated with its quantification and understanding by decision-makers. In this
way, the quantification of the environmental impacts in a monetary unit easily understood by decision-makers
can effectively simplify the decision-making process. However, there are no studies that address how different
environmental impact monetization methods can influence supply chain performance. This study explores how
different monetization methods may influence supply chain design and planning. To do that a mixed-integer
linear programming model is developed for the design and planning of supply chain that accounts for economic
and environmental goals. The three main monetization methods are characterized and used to model the envi-
ronmental supply chain performance. The model is applied to a set of case studies. As main conclusion, this work
contributes to understanding the behaviour of each monetization method and what are the main differences in
supply chain performance, related to supply chain design and planning.

Keywords: green supply chain, monetization, design and planning, sustainability
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SOLUTION APPROACH
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for the SC design and planning

supply chain context; [Cees ] P> [ Monetization of SC environmental impacts

* Analyze the behavior of each method and verify the main differences in SC
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+ Systematize and compare the most appropriate monetization methods in the

Integration of economic and environmental
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Technaogies impacts
EPS encompasses more impact categories than STEPWISE and ECO-COSTS. Also, EPS
includes more SC classes’ concerns, ie., human health and resources concerns.
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3D intelligent pallet loading algorithm for crossdocking automation
Pedro Rocha, Anténio G. Ramos, Elsa Silva

The current challenge tackles the implementation of an automated mixed-palletizing cross-docking system, focu-
sing on generating online 3D packing patterns with highly compact, stable, and safe pallet configurations. This
improves the efficiency of the containerization and transportation process, which contributes to an improved ser-
vice level. In the literature, this problem is described as 3D-CLP and is common in supply chains and industries
where cargo transportation inside a container is required. Most research related to 3D-CLP focuses on volume
optimization, while real-world applications require additional constraints to be tackled, such as stability and
balancing for item damage mitigation during assembly and transportation, and also operational safety during
loading and unloading operations. Additionally, there is a lack of research considering real-time (online) packing
of the items (especially when no information exists about their arrival order, time and sequence, and palletization
need to be done as soon as they are available). This problem is created by real world transportation lead-time
variability, which disrupts the planned scheduling by delaying or anticipating the reception of the items, causing
a decrease in the service level (among other metrics). Due to the complexity of this problem, the most viable
approach consists of the use of heuristics.

Keywords: 3D Container Loading Problems, Online Palletization, Cutting and Packing problems

3D Intelligent Pallet Loading Algorithm
for Crossdocking Automation

Authors: Pedro Rocha?, Anténio Ramos *-2, Elsa Silva *
Affiliation: * INESC TEC, 2School of Engineering, Polytechnic of Porto

Overview

« Implementation of an automated mixed-palletizing cross-docking system, focusing on generating online 3D
packing patterns with highly compact, stable, and safe pallet configurations, improving the efficiency of the
containerization and transportation process, which contributes to an improved service level.

Supply Chain Information and Product Flow (”‘\

Stores place orders to HQ Factories deliver products to warehouse
Repeat

HQ requests supplies o factories Warehouse delivers palletized assortment to stores.

Warehouse Crossdocking Automation System

* Due to real world transportation lead-time variability, the planned scheduling is constantly disrupted either by
anticipating or delaying the reception of items

« Items are stored in the warehouse until orders are ready to be fulfilled, or 80% of the items are in stock and the
remaining will arrive during construction

* Robots will build the mixed item pallets considering the computed 3D mosaic
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« Improved service level, transportation efficiency (more cargo, fewer vehicles, faster 2,
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Submissao #51

The multi-period vehicle routing problem with refueling decisions
Fabio Neves-Moreira, Mario Amorim-Lopes, Pedro Amorim

Surprisingly, most vehicle routing approaches disregard the need to refuel the fleet during the considered planning

horizon. However, refueling operations may impact vehicle routes, affecting travelled distance and transportation

cost. In this work, our main goal is to provide managerial insights on the impact of considering refueling ope-

rations in multi-period vehicle routing problems. To efficiently find solutions, we propose a novel mathematical

formulation, which is solved by both a branch-and-cut algorithm and a matheuristic approach. The computational

experiments on a new set of randomly generated instances demonstrate that the branch-and-cut converges to the

optimal solution in single-vehicle instances and that the matheuristic achieves an average optimality gap that is
below 7% for the whole set of instances. Furthermore, we perform a sensitivity analysis on several fuel-related

parameters. Results indicate that, to minimize costs, the percentage of detour distance may increase up to 6

percentage points when fuel stations with lower prices are further from the depot. The importance of considering

a multi-period horizon in this vehicle routing problem is also analysed. For practice, these insights imply that

current policies disregarding the location and/or price of fuel stations along with "myopic"planning horizons may

lead to sub-optimal decisions.

Keywords: Transportation, Vehicle routing, Refueling decisions, Branch-and-cut, Matheuristic, Mana-

gerial insights
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On the impact of refueling decisions

in multi-period vehicle routing problems
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Submissao #52

Identifying and predicting web breaks in a tissue machine: a machine
learning approach
Marcia Dias, Samuel Moniz, Nuno Lourenco, Cristovao Silva

Web breaks are a significant operational challenge of the paper industry, which affect process efficiency and pro-
duct quality. This work aims to develop and validate a machine learning approach to predict the risk of web
breaks in tissue machines, in real-time. Firstly, we select a reduced set of variables to avoid data unavailability
and sensor errors. Secondly, we use data segmentation to define web break trajectories and risk levels, which helps
in identifying failure patterns. Lastly, we develop a prediction model to find patterns during the regular operation
of the machine. To validate the approach, we applied it to a large-scale industrial problem. Results show that the
model effectively predicts web breaks with an accuracy of 87%, reducing production losses by up to 6000 tons of
paper per year. These results corroborate the contributions of the proposed approach, namely: i) the developed
variable selection scheme can effectively translate a very complex manufacturing system into a reduced set of
variables; ii) the procedure uses production data to support effective decisions that leverage the productivity of
recent and technologically advanced tissue machines; and iii) the comprehensive data-driven procedure copes with
the increasing pressure to increase the production efficiency of continuous production environments.

Keywords: decision trees, machine learning, paper industry, prediction model, web breaks

The Break Point:
A Machine Learning Approach to Web Breaks in Paper Mills

Miércia Dias, Samuel Moniz, Nuno Lourengo, Cristévdo Silva
Univ Coimbra, CEMMPRE, Department of Mechanical Engineering, Coimbra, Portugal

Promoting efficient and sustainable
manufacturing processes

Prediction of web breaks to ensure an efficient
utilization of energy and water

Production losses up to

35% per day

due to web breaks.
Reduction of product quality and sales revenue
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Submissao #53

Optimizing monitoring equipment investment for an asset portfolio with
multiple-failure modes
Luis Dias, Armando Leitao, Luis Guimaraes

In many industries, asset portfolio condition degradation is stochastic and subjected to multiple failure modes,
negatively impacting asset availability and longevity. To minimize this impact, recent technological advances in
monitoring technology may foster a reduction in degradation uncertainty and prevent asset failures. Notwiths-
tanding, the extra effort regarding the investment plan on this type of equipment must be carefully planned.
Since investing in monitoring equipment requires substantial capital due to the system size, DMs must define
which and when a given asset monitoring technology will be installed. Hence, not every asset may have the same
monitoring technology and, consequently, the same degradation uncertainty. Bearing this in mind, we propose
a methodology to determine the investments in the installation of monitoring equipment for an asset portfolio
with multiple failure modes and maintenance budget constraints. The goal is to optimize the cost of reducing the
asset degradation uncertainty and maintenance costs without exceeding the available budget. We formulate the
problem as a stochastic optimization problem to capture the uncertainty in the assets’ condition. The approach
is validated in a case study in the electricity distribution in which a system operator must manage a portfolio of

power transformers operating under different operational conditions.

Keywords: Multi-unit system, Predictive maintenance, Stochastic optimization, Mixed-integer models,

Multiple failures modes
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Optimizing monitoring equipment investments
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Integration of competing soft failure modes with Novel mathematical formulation Obtained relevant managerial Insights
continuous imperfect inspection monitoring for the tackled problem from a real-word case study
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Submissao #54

Capacity allocation considering fairness metrics: a Pharmaceutical Supply
Chain case study
Catarina Bessa, Raquel Duque, Alexandre Jesus, Cristovao Silva, Samuel Moniz

Most drug shortages are related to Pharmaceutical Supply Chain (PSC) vulnerabilities that occur in several pro-
duction stages. This work seeks to improve the efficiency and sustainability of global pharmaceutical networks by
proposing a capacity allocation model that includes fairness metrics to balance the response to patient needs with
economic goals. A four-tier supply chain deterministic model, inspired by the literature, is developed to include
quantitative metrics that quantify the patient’s point of view. To ensure the validity of the proposed approach,
the model was verified with real data collected from a leading pharmaceutical company. Furthermore, the results
give important insights on optimal product allocation, inventory, and reserved capacity within the supply chain.

Keywords: Capacity Allocation, Mathematical Programming, Supply Chain Management, Fairness Me-
trics
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Submissao #55

The art of the deal: Machine learning based trade promotion evaluation
David Viana, Beatriz Brito Oliveira

Trade promotions are a complex marketing strategy to drive up sales, involving retailer and consumer dynamics.
Furthermore, these events are time-sensitive, influenced by past promotions and both competitor initiatives and
responses. In the Consumer Packaged Goods (CPG) sector, the proportion of price-promoted sales to regular-
priced sales has increased to a very significant level. Given their relevance to the manufacturer’s revenue, proper
promotional planning is crucial. In this context, this work proposes a decision support system capable of evalu-
ating a hypothetical trade promotion’s success, based on historic data, to be used for the promotional planning
process of two key product lines of a CPG manufacturer. At the core of this decision support system, a predictive
model, based on machine learning algorithms, will leverage both time series data and predictor variables, in order
to better predict future promotional performance. This work pulls from many different branches of knowledge
namely, Marketing, Economics, Forecasting, Machine learning and Data mining, areas which are briefly introdu-
ced.

Keywords: Forecasting, Promotion planning, Retail
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The art of the deal:
Machine learning based trade promotion evaluation

David Branco Viana Beatriz Brito Oliveira

Sell-out

5
> in

Producer Retailer Consumers

Can a producer better negotiate trade promotions with retailers

if data he has access to is well leveraged?

Context Solution Results

‘The models were trained for both retailer A, for which both
sell-in and sell-out data were available, and for retailer B, for

‘The work focuses on the portuguese market,
specifically the olive ol and vegetable oil categories.
which only sell-in data was available. When using its sell-in
Vegeable ofl marketshare inlers data,retailer A is referred to as retailer A*

s

FENNEEN
Olive il market share inlters
P

e A decision support system was built such that the company’s

commercial team could simulate and plan promotional
scenarios, as well as register and analyze past promotions.

‘The recent rise in promotional frequency and intensity
translates into tigher promotional margins for both the
company and the retailer.

“The company had various years’ worth of promotion records,
akey enabler of the worl done, s wella limited records of
competitor promations.

Promoionl etcasty Promotons fequency
Two types of gradient boosting machine models were trained
to predict daily liers sold of

given promotion, using available sales data and the basic

features of the both the product involved and said promotion.

B-type

Key takeaways:

Using sell-out data instead of sell-in data greatly improves prediction quality.
Producers should seek access to sell-out data to better fuel their predictions.
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Submissao #56

Improving the production process in a bakery industry: a simulation
approach
Fabiane K. Setti, Carla A. S. Geraldes, Jodo P. Almeida, Marcelo G. Trentin

The present study brings forward a simulation-based study of the production process of a Portuguese company
that produces a wide range of bread. The main objective of this study was to analyse the different production
processes of the company, and to propose further improvements to these, through the use of discrete event si-
mulation. A relevant set of data was collected and four productive processes were chosen to be modelled using
the Simulation Modelling based on Intelligent Objects software (Simio). The analysis of the developed models
identified the need for improvements and different scenarios were created to this purpose. Among the obtained
results, the creation of different mixed production scenarios allowed the maximisation of the production level
while maintaining the current existing resources. The results of this work can be implemented in the company
to increase production level without increasing costs since they do not involve the purchase of new equipment.
In conclusion, this study highlights the ability of the simulation technique to analyse manufacturing processes
throughout the creation of different scenarios providing insights on the production process optimising companies’
productive performance.

Keywords: manufacturing process, optimisation, discrete simulation

Improving the production process in a
bakery industry: A simulation approach

Fabiane K. Setti | Carla A. S. Geraldes | Joao P. Almeida | Marcelo G. Trentin

Background
v Bakery of high quality bread (sourdough fermentation)

v Large mix of products (different types of bread)
v' Two working shifts:

= Production daily fresh bread

= Production of par-baked bread
v' Demand increase causing overtime production

Objectives
<+ Analysis of the production processes

. :
Methodology < Improve the current productive processes

of the ing p ‘

Data collection ‘

Development of the simulation model ‘

Validation and verification of the simulation
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Modelling and Simulation

Development of 6 Simulation models

* Figbread 35 Scenarios
* Wheat bread * Single bread type production
* Rye bread .

Mixed-production
* Bijou bread

Contributions

* Increase of daily production in both working shifts

+ Identification of the mix of products that maximizes production output
* It was possible to face the increase of the product demands

* Overtime production was reduced or eliminated
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Submissao #57

Calculo de solugoes eficientes nao suportadas em programacao fracioniria
inteira-mista multiobjetivo
Jodo Paulo Costa, Maria Jodo Alves

Neste trabalho propde-se uma nova técnica de Branch Cut para calcular solu¢des ndo dominadas (eficientes)
em programacio fracionaria linear inteira-mista multiobjectivo, usando pontos de referéncia. As abordagens de
pontos de referéncia fornecem um meio 1til para este calculo, uma vez que permitem alcangar ndo apenas solu-
¢oes eficientes suportadas, mas também nao suportadas (ou seja, solugées que sdo dominadas por combinagoes
convexas nao admissiveis de outras solugdes ndo dominadas). Um ponto de referéncia ¢ uma meta que se pre-
tende alcangar ou mesmo melhorar. Isto implica a otimizagdo de uma fungao escalar de realizagdo (ASF). A
ASF utilizada permite determinar qualquer solu¢do ndo dominada através da alteracdo do ponto de referéncia,
garantindo também que apenas se obtém solu¢oes ndo dominadas. Infelizmente, o problema transforma-se numa
soma de racios, que é conhecido como um dos problemas nio lineares mais dificeis de resolver. Propde-se, nesta
comunicagdo, uma nova técnica de Branch Cut para este problema. Ja existem algoritmos que podem resolver
este tipo de problema na pratica, desde que ndo haja varidveis inteiras. Apresentam-se também varios testes
computacionais para avaliar o desempenho da técnica.

Palavras chave: Programacao fracionaria inteira-mista multiobjetivo, Branch Cut, Solugoes eficientes
nao suportadas

Célculo de solugdes eficientes ndo suportadas em programagio fraciondria inteira-mista

Jofio Paulo Costa e Marla Jodo Alves mu.ltlob]euvo 02021 E §Eﬁ @

o Paul b, CODER Maculdade do e 8o CoivinRa
Objetivo Técnica de Branch & Cut
Neste trabalho propGe-se uma nova técnica de Branch & Cut para calcular niilizagio:

solugdes néo dominadas (eficientes) em programagao fracionaria linear inteira-
mista multiobjectivo, usando pontos de referéncia.
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Abordagem de Pontos de Referéncia

Um ponto de referéncia Z ¢ uma meta que se pretende alcangar ou mesmo
melhorar. Esta abordagem fornece um meio util para calculo, uma vez que
permite alcangar ndo apenas solugdes eficientes suportadas, mas também ndo
suportadas (ou seja, solugdes que sio dominadas por combinagdes convexas ndo
admissiveis de outras solugdes ndo dominadas). Isto implica a otimizacdo de uma
fungao escalar de realizaao (ASF), que é também uma soma pesada de racios:
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+ Caracterizar a regido eficiente do problema
através do caleulo da tabela de pay-off.
Escolher a solugdo incumbente: a melhor de
entre as solugdes da tabela de pay-off de

Processo de Branch & Cut:

1. Selecionar uma sub-regido que ainda 3o
tenha sido subdividida e introduzir cortes em
todas as funges objetivo,

2. Dividi esta regido em duas sub-regices,
impondo restrgdes
+ na fungio objetivo que tiver a maior

amplitude de varlagao, considerando os
valores da tabela de pay-off e os cortes
Introduzidos,

3. Calcular a tabela de pay-off das duas novas
restrigdes.

4. Atualizar a solugdo incumbente.

5. De entre as sub-regides ainda ndo
subdivididas ou abandonadas verlficar se
havers alguma que pode ser abandonada ou
aue cumpre a condigdo de paragem.

6. processo termina quando s6 houver sub-
regides ndo subdivididas abandonadas ou
aue cumprem a condigdo de paragem.

Condigo de abandono

Uma regido pode ser abandonada quando o valor da ASF do seu ponto
ideal é pior que o valor da ASF da solugdo incumbente.

Condigdo de paragem

objetivo, na tabela de pay-off, sej

0 processo ¢ repetido para cada sub-regido ndo abandonada e ndo
subdividida até que as sub-regides restantes sejam mais pequenas do que
um erro predefinido, isto é, até que a amplitude de valores de cada fungdo

a inferior ao erro.

0O corte

Uma restriggo numa fungéo objetivo que retire as soluges cuja diferenga
entre o valor dessa fungdo objetivo e o da coordenada respetiva do ponto
de referéncia seja maior que o valor da ASF da solugio incumbente.

Exemplo
I
436,420 e H ©10) (10,10)
maxz, ()=
ETERT A 3 7 29m 12000
Ix 20
max z,(x) = ——= 8 a 6 3500 6333
2(x) X ~2%, +14
4 4 5 3545 4625 -
D 4 4 3600 3600
E 5 4 46 3585
Fo6 3 7000 29
1 ‘ T G 6 2 8000 2.500
! 2,
Testes - K pl

Varidveis bindrias

n=20

Varidveis inteiras

Varidveis inteiras-mistas

n=20

Jéncia e a Tecnologia, P, Projeto UIDB/05037/2020.

Figueira da Foz, 7 e 8 de novembro de 2021




70 IO 2021 | XVI Congresso da Associacao Portuguesa de Investigagao Operacional

Submissao #58

A analise espacial multicritério na avaliacao da aptidao vitivinicola
Sandra Silva, Joaquim Alonso, José Santos, Joana Nogueira

Sao muitos os fatores e critérios que influenciam as caracteristicas finais de um vinho. A singularidade dos grandes
vinhos terroir é construida com base na combinacao de clima, solo e terreno. O conhecimento da zonagem agro-
ecologica e aptidido natural, cultural e econémica vitivinicola para a definigdo e gestao do terroir sao condigdes
necessarias de suporte & melhoria do planeamento, dinamizacao e sustentabilidade dos territérios e unidades de
producao vitivinicolas. A avalia¢io espacial multicritério é uma ferramenta importante de apoio a decisdo na
definicao de uma viticultura de precisao, mais especificamente na definicao e anéalise dos fatores e critérios mais
relevantes para avaliagao da aptidao natural de um dado local para a produgao de vinhos, considerando diferentes
perspetivas e saberes multidisciplinares de especialistas.

Palavras chave: Terroir, Apoio & decisdo multicritério, Sistemas de Informacio Geografica

A andlise espacial multicritério na avaliagdo da
aptidao vitivinicola

Introdugéo Resultados

TERROIR FASE 1: )
Reunido com especialistas da drea vitivinicola:
produtores, cooperativas, endlogos, académicos.

SHo muitos os fatores e critérios que influenciam
as caracteristicas finais de um vinho. A
singularidade dos grandes vinhos ~terroir &
construida com base na combinacéo de fatores
naturais como clima, solo e terreno e de fatores
humanos, como a cultura e tradigo.

Definicéo de critérios e sub-critérios: apresentada
uma proposta inicial baseada na bibliografia consultada
e em grupo, de forma colaborativa, definiram-se os
Os estudos de zonagem viticola dividem-se na andlise da diferenciagéo geogréfica ritérios representando o cima, o Solo, a topografia e 0
das caracteristicas do vinho, da uva ou da videira, e da capacidade ou aptiddo terreno. Procede-se & estruturaco dos critérios de
vitivinicola (Vaudour e Shaw, 2005). Na avaliacéo da aptiddo vitivinicola é modo hierdrquico.

necessrio definir 0s parémetros e critérios a considerar, associar 0 respetivo nivel de
importéncia ou peso para os grupos de interesse envolvidos, considerar a informaéo

r s na “Ntnde Indice rescura das notes
georreferenciada envolvida, tendo como objetivo a obtengao de mapas de aptiddo. A
andlise decisdo espacial multicritério é assim uma ferramenta importante de apoio a [Distancia as principais finhas| Indice Winkler
decisio na definigao de uma viticultura de preciso. o o (10%) .
Este trabalho enquadva se no ambito dos Projetos Ter@Ava e Terr@Eno R indice hefloérmico de Hugin fy
desenvolvidos pelo IP GG s nelcatco e Branes —
Declive. Prmpu-:clu M‘«g- Mensal oldgicos
i a umuiadn Unidade de
] - [l
Neste trabalho pretende-se defini 0s fatores e os critérios mais relevantes para Tndice do contnenaidade do g
avaliagio da aptidéo natural de um dado local para a producdo de vinhos verdes de Pioihonn Rivas.ar
qualidade, 4 escala regional do Alto Minho, em particular das sub-regides do Lima fndce oo do
(casta Loureiro) e de Mongo-Melgago (casta Avarinho), tendo em conta diferentes T —

perspetivas e saberes multidisciplinares de especialistas, com recurso a métodos de nice de Hidalgo
apoio & espacial multicritério, para suporte & cartografia de aptiddo
vitivinicola.

FASES 2 e 3: Aplicagéio do modelo multicritério AHP no QGIS

Metodologia

Para tal pretendem-se desenvolver diferentes fases:

(1) Decidir de forma colaborativa quais s3o os fatores e 0s critérios mais
relevantes para determinar a aptiddo natural de um dado local para a
producio de vinhos verdes de qualidade, & escala regional do Alto Minho,
tendo em conta diferentes perspetivas e saberes mulidisciplinares e

inel 5

(2) Recolher e normalizar 0 critérios traduzidos em - representagdes
espacialmente explicitas, com recurso aos sistemas de. informagdo
geogrdfica;

(3) Ponderar 0 peso dos critérios através de um método multicritério
adequado (Método de Andlise Hierérquica Ponderada - AHP) e integrar
por uma combinagdo linear ponderada espacialmente explicita (WLC);

(4) Obter os mapas de aptiddo;

(5) Realizar uma andlise de consisténcia aos resultados obtidos e uma
andlise de sensibiidade;

(6) Promover a validacdo dos resultados obtidos pelo mesmo painel de

ease 1 fasez
(o) (7 Smededoden
888 o
oefinigiodecrtirios | | Ciwwn] =
Representaho il
] = oo Aot ‘
— ] ==
[ | e
J\ /\ J
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0s critérios séo espacialmente explicitados e normalizados, usando o software
QGIS. Cada especialista procede  ponderacdo do impacto de cada critério, na
‘aptidao natural para a cultura da vinha/produgdo de vinho verde, relativamente
a0s restantes, numa comparagio a pares, através da atribuicio de pesos
baseada na escala de Saaty - método AHP (apresentado pela equipa de
investigadores).

O método AHP é aplicado com recurso a0 software QGIS, ferramenta EasyAHP,
por forma a analisar a consisténcia dos julgamentos e a determinar as
prioridades de cada especialista, obtendo-se o mapa de aptidéo individual
relativo a cada critério, agregados via combinago linear ponderada (WLC).

Junto dos especialistas analisa-se o indice de consisténcia. Caso nio esteja
garantida consisténcia procede-se a uma reandlise e ajuste de pesos.
Apresentam-se os mapas de aptidéo individual obtidos e desenvolve-se uma
andlise de sensibilidade, por forma a avaliar a robustez da classificagdo obtida.

Por fim, efetua-se a integragio dos mapas de aptidao individual obtidos, num
mapa final de aptido vitivinicola.

Discusséo e Conclusdes

A metodologia apresentada encontra-se na fase de ponderagdo dos critérios
de acordo com a escala de Saaty, por parte de cada especialista. Para melhor
expor a metodologia foi considerada a atribuigdo de pesos de um dos
especialistas relativa a um dos critérios, por forma a simular o procedimento
na aplicagio EasyAHP no QGIS. Apesar de no finalizada, considerémos que a

*+ st K, Horamnes, S bl . Kvan, S, Hennaw, . Shrs, . 2020, An gston of metodologia desenvolvida baseada no apolo & decisSo espacial multcritério é
bioclimatc, sol a melhor forma de dar resposta & andlise da aptiddo vitivinicola envolvendo
Jabal Al Arab — Syra i J, 35, 1466-1488. vérios critérios, especialistas e informagao georreferenciada.
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Submissao #59

Um algoritmo genético para o escalonamento de operacoes de combate a
incéndios
Marina Matos, Ana Rocha, Filipe Alvelos, Lino Costa

A gestao de recursos no combate a incéndios florestais pode ser modelada como um problema de escalonamento de
tarefas em méquinas. Nessa abordagem, cada incéndio, ou cada parte de um incéndio, corresponde a uma tarefa
que tem de ser processada e cada recurso corresponde a uma méaquina. Os tempos de viagem entre diferentes
incéndios correspondem a tempos de preparacao das operacoes das tarefas nas maquinas. Um aspeto essencial é
que, ao contrario do que acontece na generalidade dos problemas de escalonamento, o tempo de processamento
depende do tempo de inicio do processamento da tarefa. Neste trabalho desenvolve-se um algoritmo genético para
obter solugées para este problema. Este trabalho foi realizado no ambito de PCIF/GRF/0141/2019 "O3F - An Op-
timization Framework to reduce Forest Fire"e pela bolsa de doutoramento com a referéncia UI/BD/150936/2021,
ambos financiados pela FCT, Fundacao para a Ciéncia e Tecnologia.

Palavras chave: Incéndios Florestais, Escalonamento, Algoritmo Genético
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A genetic algbfithm for scheduling firefighting operations

Marina A. Matos(!), Ana Maria A. C. Rocha(*?), Lino A. Costa(*?) and Filipe Alvelos*?)
9 ALGORITMI Genter, University of Minho
 Production and Systems Department, University of Minho

Disasters caused by nature or human action have been increasing in the
etdecaies 13 Methodology

4 Aim; optimize a sequence of forest fires in order to fight them as quickly as possible.

% Hows - using GA (a stochastic algorithm);

a resourceis
- using processing time used by the resource untilfirefighting;

o | an| o1 - using completion time for the suppression of fire;
~computing the unburned area
In Portugal, on averae, about 140000ha burn every year, in more than
R e e D e 7 This wor was based on the papers [1, 2], considering severl| [ < o Sty )
. assumptions present n the cited works. y

maximize the total remaining area value (unburned).

o BT Anea (1)
Introduction | | i ——— 4 The problem i to minimize the value of burned area, that s, to \

i s el o T Taw  Tam | T g
i — Y
B o o || e s B G Bl G G B
] o - ke ¥ b T ke 01 685
A Results
s 1 v d there are 41 = 1
Several works have been developed to solve the firefighting routes
problem, minimizing the total transportation distance and the fire. la o 1 la |x |10 7.
extinction time (3, 4]. il | C e B e o
1(0.46(3.20(0.22|0.005 [0.9|0.5]|2.0|0.50 | 154584.25 025
2(0.39)3.00(0.24|0.006 0.8|0.6|1.8|0.25| 185135.75 058
* Resource management in forest firefighting can be modeled 4(1.50(2.50|0.28|0.009 [0.5[1.0[1.0]0.30| 111945.84 067
R oo
ition corresponds to a task that 0.41

sach resource s equivalent to a

Foptimat = < F2,Fy,F3,F4 >
Optimization of the
scheduling firefighting
operations problem using the
etic algoriths

4 Forest i the last decades.

# The GA algorithm was able to find an optimal solution
in 24 possible sequences of forest fires.

Problem Description  The best sequence found for the processor to act Y| Conclusions
L

= effectively was Foprimar = < Fa, Fy, Fa, Fy > .
ey )
"'“Z"m 4 This work assists the decision maker in forest fire
subject to = ‘management when several fires ignite simultaneously.
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Submissao #60

Simulacao de incéndios florestais com base no modelo de Rothermel
Catarina Santos, Ana Raquel Xambre, Helena Alvelos, Susete Marques, Mariana Dias, Isabel Martins,
Joao Pedro Silva, Jodo Marques, Senhorinha Teixeira, José Carlos Teixeira, André Mendes, Filipe
Alvelos

A forma como o fogo florestal se propaga depende, principalmente, de trés factores: combustivel (que pode ser ca-
racterizado pela humidade, poder calorifico e carga), clima (nomeadamente a velocidade e a orientagao do vento)
e o declive do terreno. A incerteza do comportamento ao longo do tempo e do espaco destes factores dificulta a
modelagdo da propagagdo do fogo. Neste trabalho modela-se essa incerteza através de simulagdo. A paisagem é
representada por uma rede em que os nodos correspondem a células e os arcos a adjacéncia entre células. Apos
serem estimadas a velocidade de propagagao do fogo (entre células adjacentes) com base na variagido de parame-
tros do modelo de Rothermel, que permite estimar a velocidade de propagagao do fogo de acordo com os factores
referidos, utiliza-se a simulag¢ao para caracterizar a propagagao do fogo. Este trabalho foi realizado no 4mbito do
projeto PCIF/GRF/0141/2019 "O3F - An Optimization Framework to reduce Forest Fire"financiado pela FCT,

Fundacao para a Ciéncia e Tecnologia.

Palavras chave: Fogos florestais, Simulacao, Modelacao de incerteza

Simulacdo de incéndios florestais com base no
modelo de Rothermel
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Introducdo

Metodologia

Aorigem e a propagago dos incéndios florestais sdo cada
vez mais estudadas numa tentativa de os prevenir e
extinguir com maior rapidez. O combustivel, o clima e o
declive do terreno sio trés dos fatores que influenciam a
forma como o fogo florestal se propaga (1). O modelo de
Rothermel (1972) utiliza estes fatores para modelar a
propagacdo do fogo. A aplicagio do modelo permite
calcular a taxa de propagag3o (R), considerada como a
velocidade de propagagdo do fogo, através da seguinte
expressio (2):
A+ ¢w+ds)
PoEQig

Dentro do fator clima, a velocidade do vento ¢ uma
caracteristica determinante para a avaliagio da propagacio
do fogo. A distribuicdo mais utiizada na literatura para
simular a velocidade do vento ¢ a distribuigao de Weibull
devido 3 sua flexibilidade, proporcionando um bom ajuste
das observagdes (3). Esta distribuigio & caracterizada por
dois parametros (forma e escala), que podem ser obtidos
usando métodos de estimagio conhecidos (4). O valor
destes pardmetros dependem das caracteristicas de cada
regido (5-8).

Neste trabalho variaram-se os valores dos parametros da
distribuicgo de Weibull, por forma a representarem trés
niveis da escala de Beaufort, que classifica a intensidade do
vento segundo niveis de 0 a 12. Foram, assim, aplicados os
niveis 2, 6 e 8 representando, respetivamente, uma brisa
leve (96 a 198 m/min), um vento forte (648 a 828 m/min) e
ventania (1032 a 1242 m/min) (9).

0s restantes parametros do modelo de Rothermel foram,
nesta fase, mantidos constantes,

S50 Paulo
A floresta é representada por uma rede onde os nodos | e - ]
correspondem a povoamentos e os arcos 3 adjacéncia|

entre estes povoamentos (ver figura 1). O peso de cada -

arco é representado pelo tempo de propagacio do fogo B N

que tem em conta a distancia entre os dois centros e a| .

velocidade de propagago do fogo (obtida aplicando o |

modelo de Rothermel) - E e R B N
A varidvel vento apresenta sempre uma certa incerteza | -

pelo que, na aplicacio deste modelo, foi utilizada a [:]
distribuicdo de Weibul para caracterizar a sua velocidade.
Neste estudo considera-se que a velocidade de propagacdo
do fogo ¢ igual em toda a rede. Ao gerar diferentes redes,

Figura . Histogramas das mil
observagaies de tempos de propagacdo
dofogo para o nivel 8 da escala e
Beaufort (Ventania) com pontos de

esta velocidade alterase tendo em conta o ignicio varidvel (L) e fxo (2.
comportamento do vento. Histograma da velocidade dovento
Através do algoritmo de Dijkstra (10), que encontra o pammm——— )

caminho mais curto de um nodo de origem para qualquer
outro nodo da rede cujas distancias sdo ndo negativas,

determinou-se o tempo que o fogo demora a queimar a | . D - 2
floresta. -
Consideraram-se trés niveis diferentes da escala de | ..

Beaufort para o comportamento do vento (niveis 2, 6 e 8),
e duas alternativas em termos de ignigdo:

- ponto de ignigio varidvel (aleatdrio),

- ponto de ignigio fixo (n6 0).
Cada um destes cendrios foi simulado mil vezes tendo-se
determinado, para cada um, a média, o correspondente
intervalo de confianga (IC) a 95%, assim como a varidncia,
Por forma a avaliar a existéncia de diferencas
estatisticamente significativas entre as médias do tempo de
propagagio do fogo a toda a rede, com ponto de ignicdo
varidvel ou fixo, aplicou-se o teste t para diferenca de
médias, para cada um dos niveis de vento em estudo,
Todas as implementacdes e andlises foram realizadas com

Figura 3. Histogramas das mil
observagaes de tempos de
propagasio do ogo para o nivel &
da escala de Beaufort (Vento
forte) com pontos de fgnisdo
varivel (L)  fixo (2.

Histograma da velocidade do
vento 3).

Figura 1. Rede com
80n0dos que.
representa  floresta

°

Ay

L Sed

Figura 2. Rede que.
representa 3 foresta

ueimada (bria eve). J

> ‘
A =]
3 Tees P,
G Lo || G
—T =T =T ==
variavel |\ o5 | 37,664, 764] | (8,460, 9,314] | [3,648, 4,058]
.
i ||l
‘ jalor de p.
(varidncias | 22 <0,00005 <0,00005 0127
diferentes) (bilateral)

tempo de propagagdo do fogo na rede completa (minutos).

recurso a Python.

Recultad

e Di =

Para representar a floresta foi construida uma rede com coordenadas aleatdrias de 80 nodos. A figura 1 apresenta a floresta
inicial, e a figura 2, a floresta queimada apds a aplicago do algoritmo de Dilkstra, assumindo uma brisa leve (na instancia
ilustrada o tempo observado foi de 28 minutos). Foram, ainda, construidos histogramas para visualizar o resultados, assim
como trés histogramas que representam o comportamento da velocidade do vento nos trés niveis da escala de Beaufort
segundo a distribuigio de Weibull (ver figuras 3, 4 ¢ 5).

0s resultados obtidos, para os sels cendrios, encontrarm-se na tabela 1

Analisando os valores de prova dos testes as diferencas de médias dos tempos de propagagdo do fogo na rede completa, ¢
possivel verificar que existem diferencas estatisticamente significativas quando se considera um ponto fixo ou varidvel, nos
niveis 2 e 6 do vento. No nivel 8 de vento (ventania) tais diferencas no se revelaram estatisticamente significativas, o que
permite inferir que quando o vento ¢ suficientemente forte, o fogo propaga-se rapidamente por toda a rede
independentemente do nodo onde iniciou.

Trabalho Futuro

« 0 modelo de Rothermel tem em conta as caracteristicas
e especificidades de cada zona, seria importante
considerar todas estas particularidades em cada
povoamento.

- * Esperase aplicar estes procedimentos a0 caso de

- T estudo, a Zona de Interveng3o Florestal do Paiva e Entre

Douro e Sousa e, assim, implementar o modelo de

Rothermel em cada povoamento, tendo em conta as

Figura 3. Histogramas das mil

propagagdo do fogo para o ivel 2
daescala de Beaufort (3risa leve]

© Um outro a ser desenvolvido serd a utilizagio da
simulagio de forma a incorporar outros aspetos
importantes na propagacdo de fogos, nomeadamente:
-a direggo do vento,
-aexisténcia de projegdes,
-a utilizagdo de recursos para extinguir o incéndio.

com pontos de ignig3o varavel
(1) efxo (2). Histograma da
velocidade do vento (3).
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Submissao #61

An Industrial Planning Framework: a mold manufacturing application
Joana Almeida, Ana Amaro, Samuel Moniz

This work is focused on the production planning problem of the mold industry and aims at providing a better
understanding of how to achieve operational determinants, such as agility, flexibility, and versatility in complex
production environments. The study is concerned with the development of a representation framework for sup-
porting the proposal of integer and mixed-integer linear programming mathematical formulations. The developed
models were validated through a set of tests provided by a real-world industrial case. Different planning hori-
zons and operational conditions such as fixed and variable batch dimension, product changeover, minimum and
maximum delivery amounts were analyzed. The results obtained were compared with the values observed at the
manufacturing operations in progress at the company. These allowed us to identify the critical resources that
are limiting the manufacturing process and learn about their relationship with the operational conditions. Also,
different model parameterizations proved that a greater amount of production does not mandatory results in a
longer production time. Accordingly, the advantage and usefulness of the developed models were demonstrated
at the organization on a practical basis.

Keywords: Production Planning, Mathematical Programming, Mold Industry, Flexibility

AN INDUSTRIAL PLANNING FRAMEWORK: a mold manufacturing application
02021 o e, e 0 moten: APDIO ¢y

Univ Coimbra, CEMMPRE, Department of

SWoRD Coimbra, Portugal Mechanical Engineering, Coimbra, Portugal e
(] vonuagio econroxro i A e e T 1 E R [ T S
+ Problema de planeamento da produgdo na indistria de moldes, mais  condiges operacionais;
concretamente na Neckmolde, Lda.; + Desafios de avaliacao da agilidade, flexibilidade e versatilidade em ambientes e
 Importancia da tomada de decisao em contexto industrial; produgao complexos.
n QUESTOES DE INVESTIGACAQ n OBJETIVOS
2 Quais os principais constrangimentos ao planeamento na Neckmolde? O1 - Compreender, no contexto aplcado da Neckmolde, a relevancia de um
2 Qual o melhor “trade-off" entre as boas prticas e as propostas de olimizagAo industrial? conjunto de determinantes operacionais;
2 As e da] proalicko na Neckmolde ~ O7 - Criar solugéo de planeamentolprogramagao da producéo para melhor
integram parametrizages diferenciadoras de agilidade, flexibilidade e versatilidade? melhorar a flexibilidade, versatilidade de operagdo na Neckmolde.

n CARATERIZAGAO DO PROBLEMA T n DEFINIGAO DO PROBLEMA

m2017 52018 W2019 W2020  Identificando e definindo;

s $88s g= se =988
I WOl 3883 233 .3y teE. 2gEs Equipamentos
25== = ndustiais
Anéis Boquilhas Cabecas de  Falsos Funis Posticos  Pungdes

Sopro  Canhdes Gama de produtos

fabricados

Dados oper

[E1 3 colaboradores: 3 maquinas
A 3 colaboradores; 1 maquina

Nimero de
trabalhadores

Processo

Semi-Continuo.

produtivo
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Tecnolégicos + Determinar.
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Maximizar 0 total de tarefas
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CPerowarto “Femovarto
B MODELO MATEMATICO - FORMULAGOES ILP e MILP u ESTUDO DE CASO

Amaro & m e [ e H ema

Fluxo
Modelo 1 (Lote de dimenséo fixa e definida a priori) produtvo
Objtivo: Maximizagdg do Fiuxo de Produgao,

FO.1:Maxz:z :i ZY" =) Maximiza o nimero de tarefas executadas

Ferramenta de Resolugdo:

Modelo 2 (Lote de dimensao variavel) + Opensolver
F

FO.2:Maxz:z= s, "= Maximiza a quantidade
&

flexibilidade [Quantidades semana 21
s.a restrigde: versatiidade Cenario 4: dierente procura
+ Capacidade dos equipamentos * Continuidade dos fluxos: grau de iberdade | [Cendirio 5:igual procura
« Disponibiidade dos RH; * Requisitos de Encomenda;
* Disponibilidade dos materiais;  * Dimenséo dos lotes (F.0.1) e outras.
n RESULTADOS controta oo
Cenério 14 para 18; =
¥ Aleragao das quanidades requeridas; k
v Resultado das FO.1 e 2 corresponde a 1.625 unidades; N . &
¥ As quantidades produzidas (em ambos os cenérios) na 3%, £ E&%
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 Integragao de novas variaveis de decisao; indrias: Y, Reais: Qu Sy Ryp Dyt I=LoroNIi =1, NT;

5
 Introduao de restricdes relativas & continuidade slons
das tarefas em cada periodo t, ao longo do - -
Tempo: Operacores (THCT): Eqipamentos (HIMCT): -1, A3
horizonte de planeamento T (s ) Capacidase (Ot Contmldade @ g Q3 1
Ponto comum aos cendrios 1 e 4 Procura (Dweek,, Dweek) ou (05t .5, ) Abastecimento (&, ouT)
Limitagéo MOD e maquina: CTF e CTT, apesar de no ser tao critico no cendrio 4. e .
(B concuusoes aerais (B concLusoEs ESPECIFICAS (Neckmolde)
Os modelos de programagéo matematica (ILP e MILP) criados permitiram Os resultados obtidos foram comparados com os valores observados nas
anaiisar o problema operacional e auxilar a tomadia de deciso; operagges fabrs em curso na empresa, permitida:
Os modelos foram avaliados por meio de um conjunto de testes fornecidos * identiicar os recursos criticos, que limitam o processo de fabricacéo;
por um caso industria do mundo real; conhecer a relagdo entre 0s recursos e as condides operacionais;
A entre o5 tempos e fabricadas & © processo produvo. respeita 05 determinantes operacionais, ¢ ha
uma limitagéo para o modelo. capacidade de adaptacéo as variacdes quer na quantidade, quer nos produtos.
fabricados
[T rerenincins anson . temmomponn a0 on .‘
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[31Rios Sols, . A. Ihara Rofas, 0.3, Cabo, ., & Possan, . (2020).
Research, 284(3), 861.873.
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Submissao #62

A Forest Fire Monitoring System by Wireless Sensor Network

Beatriz Flamia Azevedo, Filipe Alvelos, Ana Rocha, Thadeu Brito, José Lima, Ana Isabel Pereira

Forests worldwide have been devastated by fires. It is known to avoid wildfires catastrophes is fundamental to
invest in forest monitorization and systems to detect fire ignitions in the early stages. For this, the development of
innovative operations is necessary, such as a forest fire monitoring system based on wireless sensors network. This
work concentrates efforts on defining strategic places to allocate a set of sensors inside the forest environment,
in order to constitute a forest fire monitoring system. For this, an integer programming model was developed,
in which some sensors, with different technical specifications (cost, range distance) are considered and the forest
characteristic (forest density and forest fire hazard) is taken into account to define the optimum position for each
sensor. The objective is to maximise the coverage provided by the sensors in the area with higher forest fire
hazard, considering the sensors and the environmental constraints. The proposed method demonstrated that the
methodology can be useful to decision support in the task of spreading sensors into the forest, since it was capable
to define optimal points to allocate the sensors in large scale instances. Este trabalho é apoiado pela FCT -
Fundagao para a Ciéncia e Tecnologia - no ambito do projeto da unidade de ID: UIDB/00319/2020.

Keywords: Forest fire, Wireless sensor, Integer Optimization

A Forest Fire Monitoring System by Wireless Sensor Network
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Forests worldwide have been devastated by fires. To avoid wildfires catastrophes is fundamental to invest in forest
monitorization and systems to detect fire ignitions in the early stages. Thus, the Forest Alert Monitoring System
(SAFe) proposes a monitoring system in the “Serra da Nogueira” located in Braganga - Portugal. This work defines
the optimum places to allocate a set of wireless sensors in the forest, in a forest fire monitoring system
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Submissao #63

Modelo de propagacgao do fogo do tempo minimo de transmissao em gestao
florestal
Susete Marques, Mariana Dias, Isabel Martins, Joao Pedro Silva, Jodo Marques, Senhorinha Teixeira,
José Carlos Teixeira, Catarina Santos, Ana Raquel Xambre, Helena Alvelos, André Mendes, Filipe
Alvelos

Neste trabalho propde-se a utilizagdo do modelo de propagagao de fogo de tempo minimo de transmissao em
gestao florestal. Parte-se da usual representagdo da paisagem como um conjunto de povoamentos. Para cada
povoamento, pretende-se seleccionar uma de entre um conjunto de acgoes possiveis (i.e. limpeza, corte raso,
desbaste, corte de madeira, 4?]) que definem um plano. Cada plano resulta em diferentes niveis de satisfagao de
cada um de um conjunto de critérios (e.g. producdo de madeira, sequestro de carbono e conservagiao da biodi-
versidade). Em vez de modelar a potencial ocorréncia de incéndios como um critério (e.g. soma ponderada dos
indices de vulnerabilidade dos povoamentos), usam-se cenérios (cada um caracterizado por um local de igni¢ao
e condigoes meteorologicas) para excluir planos catastroficos e seleccionar planos aceitéveis. Dado o nimero de
planos ser intratavel, usa-se um modulo gerador de planos (com heuristicas construtivas e de pesquisa local) e um
modulo avaliador que usa o modelo de propagacao do fogo do tempo minimo de transmissdo para avaliar os planos
em diferentes cenarios. Este trabalho foi realizado no ambito PCIF/GRF/0141/2019 "O3F - An Optimization
Framework to reduce Forest Fire, financiado pela FCT, Fundagao para a Ciéncia e Tecnologia.

Palavras chave: Propagacao do fogo, Heuristicas, Optimizac¢ao, Gestao florestal
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Modelo de propagagéao do fogo do tempo minimo de transmissédo em
gestao florestal

Susete Marques (1,2), Mariana Dias (1), Isabel Martins (2,3). Jodo Pedro Silva (4), Jodo Marques (4), Senhorinha Teixeira (5.6), José Carlos Teixeira
(4,7), Catarina Santos (8), Ana Raquel Xambre (9,10), Helena Alvelos (9,10), André Mendes (11), Filipe Alvelos (5.6)
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Submissao #64

An Exact Approach for the Multi-Compartment Vehicle Routing Problem
with Time Windows in the Fuel Distribution
Guilherme Baptista, Miguel Vieira, Telmo Pinto

Over the years, several authors have widely studied the Capacitated Vehicle Routing Problem, considering different
extensions for this problem. An example of these extensions is the Multi-Compartment Vehicle Routing Problem.
However, few works from the literature tackle this problem using exact approaches, even more when time windows
are explicitly considered. In this sense, we present a mathematical model for the Multi-Compartment Vehicle
Routing Problem with Time-windows (MC-VRPTW), taking a fuel retailer company as a case study. Additional
constraints that are not commonly addressed in the literature but usually arising from real-world contexts are
also considered, such as rest times for the drivers, working time limits, and the maximum duration for each route.
Three types of fuels are delivered to a set of customers using a limited homogeneous fleet. Therefore, for each
vehicle, it is necessary to determine the route to carry out the deliveries, the instant of time that each customer is
visited, the instant time of each break, and the load of each compartment. The efficiency of this exact approach
is assessed through a set of computational experiments and by measuring different indicators. Finally, additional
tests were performed in real instances from the literature to evaluate the performance of the model.

Keywords: Multi-Compartment Vehicle Routing Problem, Fuel distribution, Mathematical Program-
ming Models
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Considering a mathematical model approach (CPLEX 12.10) for the minimization of total distance
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Submissao #65

Construcao de Fronteiras de Pareto para Analise de Tradeoff entre Servicos
de Ecossistema com Programacao Inteira Binaria no Planeamento da Gestao
Florestal
Susete Marques, Vladimir Bushenkov, Alexander Lotov, José G. Borges

A tomada de decisao no planeamento da gestao florestal é desafiada pela necessidade de reconhecer vérios servigos
de ecossistema e de abordar as preferéncias e objetivos das partes interessadas. Esta investigagdo apresenta um
modelo inovador de recolha preferéncias a posteriori e abordagem de otimizagao inteira multi-objetivo e uma nova
técnica para geracao e visualizagdo interativa da fronteira de Pareto. Devido & complexidade e tamanho de nossos
problemas de gestao, uma abordagem de decomposicao foi usada para construir a fronteira de Pareto do problema
geral usando as fronteiras de Pareto de seus subproblemas. Esta investigacido contribui para aprimorar a analise
das compensagoes entre os servigos ecossistema em problemas de grande escala e ajudar os gestores florestais a
atender com eficacia a procura dos produtos florestais a0 mesmo tempo que sustentam a prestacdo de servigos
em processos de planeamento de gestao participativa.

Palavras chave: Gestdo Florestal, Anélise Multicritério, Fronteiras de Pareto, Programacao Inteira

Construgfio de Fronteiras de Pareto para Andlise de Tradeoffs entre Serviges de
Ecosst com Pr Inteira Binéria no Planeamento da Gestéo Florestal

Susete Marques*, Vladimir Bushenkov** , Alexander Lotov *** e José Borges*
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A tomada do decisdo no plancamento da.gostio
florestal ¢ desafiada pela necessidade de reconhecer
virios servigos de. ccossistema ¢ de abordar 1
preferéncias ¢ objetivos das partes interessadas. Esta
investigacho apresenta um modelo. inovador de
recolhapreferéncias a_ posteriori o abordagem de
otimizagdo inteira multi-objetivo e uma nova técnica
para geragao e visualizagdo interativa da fronteira de
Pareto,

A formulagio matematica

Onde:
x;_varidvel decisio bindria (1 se a prescrigio j ¢
aplicada no povoamento i, ou 0 caso contrério); y}
provisio de servigos de ecossistema no periodo £; 7 ¢ o
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Submissao #66

Personal protective measures for dengue disease: an optimal control
approach
Helena Sofia Rodrigues, Artur M. C. Brito da Cruz

Dengue is a vector borne disease, resulting from the duality mosquito-human. Besides the global measures that
the health authorities provide to fight this major concern of public health, all individuals could adopt protective
measures to reduce the risk of infection. These strategies could be the removal of mosquito breeding sites or the
adoption of protective measures to reduce the mosquito bites. The main focus is to study the influence of using
personal protective measures (PPM), such as skin repellent, bed nets or clothes treated with mosquito repellent,
on the spreading of the disease. An optimal control approach is used to understand the impact in the disease
when these measures are added.

Keywords: dengue, personal protection, household costs, optimal control, skin repellent, bed net
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ersonal protective
measures for dengue disease:
an optimal control approach

Dengue is a vector-borne disease considered

one of the major concerns in public health. Measures can be

used to reduce the impact of the mosquito around the houses. The main
focus is mosquito bites prevention through the use of personal protective
measures (PPM), such as skin repellent and bed nets.

Mathematical model

Itis proposed a system with six ordinary differential equations, (), - (1)
modeling the interaction human (s-susceptible, p-protected,
i-infected and r-recovered) and mosquito (s.-susceptible and (1)
iinfected). s

1 (0) + ()

1= (6BB i (1) + wr(t) + ua(t) + ) s(t) + (1 = p1) + (1 = p2))p(t)
dplt)

((t) +

D) 8(0) = (1= p) + (1= pa) ) plt)
A functional is added, related to the household costs with L’”
these measures (u,- skin repellent and u,- bed net). Through ay
an optimal control analysis, the aim is to understand the best {7 = (0 =)
way to apply these measures, diminishing the total dengue
cases and the minimization of the cost with the PPM.

6B 3nin()s(t) = (1 + pun) i()

Jon = (BBni() + i) sen(t)

B (6)3m () = prmin (1)

Only Repellent 863 5 202 %7 423
Ouly Bed et 710 0 23 w83 89

Optimal control 510 7 260 877 7L

Maximum control 510 72 261 RIT6 08

Conclusions

Itis concluded that the application of skin
repellent and treated bed nets have an
impact on the reduction of infected
people and at the same time contributes
to the flattening of dengue cases, which
could lead to better health cares for each
patient.

| -infected R - recovered

U, - skin repellent U, - bed net
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Submissao #67

A DEA Approach to Evaluate the Electric Mobility Deployment in
European Countries
Clara B. Vaz, angela P. Ferreira

The European green deal embodies an ambitious plan to fight the climate change, aiming to achieve carbon neu-
trality, by 2050. Transportation is the remaining sector where emissions are still above the 1990 emissions level,
being the road transportation the biggest emitter and the main share of transport energy demand. Main elements
of the strategy are the increasing efficiency of the transport system and the use of low-emission energy sources for
transport, which can be accomplished by the deployment of the electric mobility. This work aims to assess the
performance of European countries on the deployment of low-emission alternative energies and vehicles in road
transportation. In order to achieve this aim, a model based on Data Envelopment Analysis (DEA) is used to
calculate a composite indicator for several European countries, that aggregates several sub-indicators built from
a dataset for the 2019 year. Results obtained indicate that most European countries have potential to improve
their practices towards on better road transport sustainability, by emulating the best practices observed on the
benchmarks. Additionally, the relative strengths and weaknesses of each country in terms of road sustainability
are further explored.

Keywords: DEA, Performance, Electric mobility
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The European green deal embodies an ambitious plan to fight the climate change, aiming to achieve carbon neutrality, by 2050. Transportation is
the remaining sector where emissions are still above the 1990 emissions level, being the road transportation the biggest emitter and the main
share of transport energy demand.

Main elements of the strategy plan are the increasing efficiency of the transport system and the use of low-emission energy sources for
transport, which can be accomplished by the deployment of the battery electric vehicles and plug-in hybrid electric vehicles (PEV).
This work aims to assess the performance of European countries (27 EU and United Kingdom) on the deployment of low-emission alterative
energies and vehicles in road transportation. A Benefit-of-the-doubt (BoD) model based on Data Envelopment Analysis is used to calculate a
\_composite indicator (Cl) for several European countries, aggregating several sub-indicators built from a dataset for the 2019 year.

Methodology and R I
f(: Data and Model Resul
Set M=8 the selected sub-indicators i, being m=5 isotonic and M-m=3 reverse, | [] Analysis of the Cl achieved in 5 scenarios with BoD model for
to assess the road sustainability performance of EU countries: each country using k=0.5, 0.6, 0.7, 0.8 and 0.9 (mean -)

T : a LR

using the BoD model proposed by [1] with proportional virtual weight
restrictions [2] for a constant k € ]0, 1[ to assess the Cl for each country j,
u

w20

If no reverse sub-indicators, this model is equivalent to the BoD model [3] J

Performance assessment of EU countries in the selected scenario with k=0.8 Optimal weight structures for each country using k=0.8
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N

(o] S
K_CI results are robust for variations of k, except with k=0.9, where higher variations were
observed. Scenario with k=0.8 is adopted as a trade-off between robustness and flexibility.
= 6 benchmarks are identified (AUS, DEN, IRE, LUX, NET, SWE), the mean of Cl is 0.66
and Stdev. is 0.27. Most countries have potential to improve road transport sustainability
following the best practices adopted mainly by NET and SWE.
= The model allocates more weight to the isotonic sub-indicators (average share=79%) than
to the reverse ones (average share=21%) in which the lowest average share is attributed to
the electric mobility (4%).
= The performance assessment for each country tends to attribute high proportion to the
sub-indicators with higher relative performance and a low proportion to the sub-indicators
ith poor relative performance, being relevant to identify its strengths and weaknesses.
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Submissao #68

An Exploratory Analysis of Partition Crossovers for the Travelling Salesman
Problem

Riben Leal, Carlos M. Fonseca

Recombination operators are crucial search operators for the performance of evolutionary algorithms and other
meta-heuristics for combinatorial optimisation, whereby new, offspring solutions are generated by combining
information from two (or more) parent solutions in some way. The Optimal Recombination Problem (ORP)
concerns the generation of the best possible solution that a given recombination operator can produce from given
parent solutions. For the Travelling Salesman Problem (TSP), the set of reachable offspring solutions is often
restricted to the set of tours containing only edges present in the parents. Optimal tour merging amounts to
solving the TSP on the union of the two parent solutions, which is known to be NP-hard even when common
edges are preserved [1]. Partition crossovers are deterministic recombination operators that approach the ORP
by decomposing parent solutions into components and exchanging them to generate valid, high-quality offspring.
One such operator for the TSP is known as Generalised Partition Crossover 2 (GPX2) [2]. Since GPX2 runs in
polynomial time, it is necessarily suboptimal. We present an experimental analysis of the performance of this
operator in comparison to optimal tour merging, with and without enforcing preservation of common edges, and
to other more restricted forms of the ORP, with a view to identifying opportunities for further improving GPX2.
References: [1] Anton Eremeev and Julia Kovalenko. "Optimal Recombination in Genetic Algorithms for Combi-
natorial Optimization Problems: Part II". In: Yugoslav Journal of Operations Research 24.2 (2014), pp. 165-186.
doi: 10.2298/YJOR131030041E; [2] Renato Tinds, Darrell Whitley, and Gabriela Ochoa. "A New Generalized
Partition Crossover for the Traveling Salesman Problem: Tunneling between Local Optima". In: Evolutionary
Computation 28.2 (June 1, 2020), pp. 255-288. doi: 10.1162/evco,00254.

Keywords: Optimal Recombination, Partition Crossover, Travelling Salesman Problem

"= CISUC

CENTRO DE INFORMATICA E SISTEMAS DA UNIVERSIDADE DE COIMBRA

Partition Crossovers for the TSP: An Exploratory Analysis

Ruben Leal - rleal@student.dei.uc.pt
Carlos M. Fonseca - cmfonsec@dei.uc.pt

1. Introduction

+ Recombination operators combine infor-
mation from two (or more) solutions in order
to generate a new solution.

+ The Optimal Recombination Problem
(ORP) [1] concerns the generation of the best
possible solution that a given operator can
produce from given parent solutions.

« For the Travelling Salesman Problem (TSP),
Optimal Tour Merging (OTM) solves the
ORP by solving the TSP on the union of two
‘parent tours. This problem is NP-hard even
‘when common edges are preserved [1].

« Generalized Partition Crossover 2 (GPX2) [3]
is a partition crossover that operates as fol-
lows:

1. The union of two tours is decomposed into
so-called candidate components.

2. A candidate component is a recombining
component if the corresponding original
sub-tours can be selected interchangeably
to produce a new tour.

3. Non-recombining candidate components
are successively fused with one another
until the result is recognised as a recom-
bining component or no further fusion is
possible.

4. At the end, components that were not
recognised as recombining components
are merged into one last (recombining)
component.

5. For each recombining component, the best
of the two corresponding sub-tours is se-
lected in order to produce the new tour,

« An experimental analysis of the performance
of GPX2 in relation to two forms of OTM is.
presented in this work. With a view to identi-
fying opportunities for further improvement,
this analysis also includes an idealised parti-
tion crossover partly based on GPX2.

2. Experimental Setup

+ Locally optimal tours were generated for
three TSP instances of sizes 52, 150, and 200,
by running Iterated Local Search (ILS) with
2-0pt neighbourhood and double-bridge per-
turbation.

+Up to 1000 pairs of tours were selected for
recombination by uniform sampling accord-
ing to the number of different edges between
parents (bond distance).
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« Three operators were used besides GPX2:

- Optimal Edge Preserving Recombination
(OEPR) is the standard OTM implemented
using ILP [2].

- Optimal Respectful Edge Preserving Re-
combination (OREPR) is OTM subject to the
preservation of common edges, also imple-
mented using ILP.

- Exhaustive Generalised Partition
Crossover (GPX,) performs an exhaustive
search for the best combination of sub-

tours of all GPX2 candidate components in-

stead of performing fusions.

3. Results and Discussion
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Figure 3. Instance kroA200,

« Results normalised based on optimal tour
length and the length of the best parent tour.

+ Preserving common edges in OTM reduces
the quality of the resulting tours somewhat.

« Candidate in GPX2

4. Edge Selections for Each Operator

Figure 6. GPX, tour.
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Figure 8. OEPR tour.

further reduces the quality of the achievable
tours (GPX,).

« The remaining reduction in tour quality in
GPX2 can be attributed to the fusion stage.
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Submissao #69

A simulation-based methodology for uncertainty analysis in life cycle
assessment
Andreia Santos, Ana Carvalho, Ana Barbosa-Pévoa

According to the European Commission, life cycle assessment (LCA) is the best methodological tool for assessing
the potential environmental impacts associated with a product’s life cycle. To determine the potential envi-
ronmental impacts, different parameters are required which are calculated using data from several sources with
different levels of reliability. The uncertainty associated with the data used causes the parameters utilized in an
LCA to be uncertain and consequently, causes uncertainty in the outcome of an LCA study. To increase the confi-
dence of the decision-makers in LCA results and on the decisions taken under these results, parameter uncertainty
should be taken into account when conducting a life cycle assessment. This study presents a new methodology
for integrating parameter uncertainty in an LCA study. This methodology involves conducting a traditionally
deterministic LCA analysis that does not consider uncertainty, a stochastic LCA analysis, which considers the
uncertainty associated with the different parameters, and a comparison of both analyses. The stochastic modelling
technique applied in this study is Monte Carlo simulation. To illustrate how the developed methodology can be
applied, this work presents the application of the developed methodology to the life cycle of Portuguese natural
cork stoppers.

Keywords: Life cycle assessment, Uncertainty analysis, Monte Carlo simulation, Natural cork stoppers,
Sustainable supply chain management
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Introduction

Life cycle assessment (LCA) uses several parameters to determine the potential environmental impacts associated with a products life cycle;
These parameters are uncertain due to the large amount of data needed to calculate them;

Parameter uncertainty causes uncertainty in the outcome of an LCA study which affects decision-making;

To increase the confidence of the decision-makers in LCA results and on the decisions taken under these results, parameter uncertainty should be

when a lfe cycle
Methodology \
The proposed methodology for integrating parameter uncertainty in an LCA study consists of |5 main steps divided into four main stages:
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Submissao #70

Gestao da cadeia de abastecimento das vacinas: o projeto e planeamento da
distribuicao
Inés Duarte, Bruna Mota, Ana Barbosa-Pévoa

O planeamento e gestao das cadeias de abastecimento farmacéuticas é um processo complexo e enfrenta inimeros
desafios dadas as caracteristicas tnicas e exigentes da deste setor da indidstria (Lemmens et al., 2016). Tornar
estas cadeias de abastecimento mais sustentaveis, nao s6 considerando objetivos econdémicos e ambientais, como
também preocupagdes sociais é crucial. Em particular, incluir aspetos de equidade é de extrema relevancia, no
sentido de tornar estes produtos disponiveis e acessiveis a nivel global (Menou, Hornstein and Lipton-McCombie,
2021). A ferramenta de apoio & decisdo apresentada segue o trabalho desenvolvido por (Mota et al., 2018), onde
um modelo multi-objetivo é proposto de forma a integrar decisoes a nivel estratégico e tatico, considerando os
trés pilares de sustentabilidade. Este modelo foi aplicado a um caso de estudo real cujos resultados permitem
avaliar diferentes cenérios de otimizacao, bem como estudar a influéncia dos objetivos econémicos, ambientais e
sociais nas diferentes atividades presentes na cadeia de abastecimento. Desta forma, este trabalho propoe uma
ferramenta que permite o projeto e planeamento das cadeias de abastecimento farmacéuticas, onde a integragao
de aspetos sociais constitui o grande foco e contributo.

Palavras chave: Cadeias de abastecimento farmacéuticas, Sustentabilidade, Equidade, Projeto e Pla-
neamento
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Submissao #71

An optimization approach to aggregate production planning with combined
MTS-MTO production strategy

José Vila-Cha, Diogo Pereira da Silva, Daniel Pereira, Eduardo Ribeiro, Manuel Pina Marques

Production strategy definition and appropriate medium-term production planning are two crucial aspects to the
success of industrial companies. A study was conducted in a company operating in the wine industry with two
main objectives: finding the best production strategy for each product considering a hybrid make-to-stock/make-
to-order production system and developing an optimization approach to aggregate production planning. The
proposed approach for production strategy definition considers the impact that a change in the production stra-
tegy of one product has in the whole system by modeling congestion effects using M/G/1 queues. The process
consists of a greedy heuristic that changes the production strategy of the product that, at each iteration, provides
the highest savings. Once a strategy change occurs, costs and congestion effects of the whole system are recal-
culated, and the process is repeated until no more savings can be achieved. Regarding the aggregate production
planning problem, an optimization model based on mixed-integer programming formulation was developed. With
the goal of minimizing a global cost function, the model determines the most efficient and leveled allocation of
production resources that meets the fluctuating demand. By applying the developed methodologies, the company
is expected to achieve significant savings.

Keywords: Aggregate production planning, Make-to-order, Make-to-stock
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Introduction Context and Motivation

« Production strategy is highly dependant on a commercial definition;

« Current procedures have reduced analytical support;
te product

be implemer

« Master production plans are not systematically generated;
ina « Production planning requires a holistic approach that accurately represents the
company's complex production context and absorbs the seasonality effects;

| salesForecast |

cision suppor
department to choo;

the company’s planning
gy for each product and

best production g
to plan capacity and allocate resources in the medium term.

Demand forecast shows 2
demand peak in the last

Demand peak | femand Pe3

. e

The work was divided into two separate modules.

Defining the optimal production strategy for
each product of the company

Generating medi
production plans

um-term aggregated

2. Aggregate production planning — Optimization model

@ Goal: Finding the optimal trade-off between
operational and inventory costs

1. Production Strategy Definition - MTS/MTO

« To find the best production strategy for each product, a hybrid make-to-
stock/make-to-order production system was considered. The process
consists of a greedy heuristic that changes the production strategy of the
product that, at each iteration, provides the highest savings. Once a strategy
change occurs, costs and congestion effects of the whole system are
recalculated, and the process is repeated until no more savings can be
achieved

+ The proposed approach for production strategy definition considers the
impact that a change in the production strategy of one product has in the
whole system by modeling congestion effects using M/G/1 queues.

All products are:

For each product, calculate the costs
of prod a5 MTS and as MTO

Beginning of a
new iteration

Recalculate
queues
M/G/1

* An optimization model based on mixed-integer programming formulation
was developed to address the aggregate production planning problem . With
the goal of minimizing a global cost function, the model determines the most
efficient and leveled allocation of production resources that meets the

fluctuating demand.
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1. Conclusions

* The developed heuristic for the production strategy definition leads to a significant
cost reduction;

+ The incorporation of congestion effects allows for an integrated view of the impact
that the change in production strategy of one product has on the others;

« The aggregate planning model generates optimised production plans that
minimise the company’s total costs and level out the allocation of production
resources;

« The use of the developed tools will enable a much faster planning process
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Submissao #72

OR/MS Education Survey - Respondents’ Perceptions and Independence
Analysis on the Lecturing Modules

Joao Luis de Miranda, Ana Paula Teixeira, Margarida Vaz Pato

This work addresses the respondents’ perceptions in a survey conducted with the aim of learning from important
developments in the European Higher Education area concerning the Operational Research/Management Science
(OR/MS) field. The study regards, in particular: (i) the enrolment; (ii) the reduction in 1st year students’ failure
rates; (iii) the perceived value of OR/MS courses; (iv) the OR/MS teaching practices; and (v) the transition
onto the labor market. A statistical analysis is performed to understand if there is a relation of the respondents’
perceptions and the types of OR/MS modules that were lectured at their institutions (type-A, bachelor/master
programs; type-B, separate majors/minors, and type-C, courses). The independence tests indicate most of the
responses (about two thirds) are independent of the lecturing modules; in addition, only a weak relation with
the modules types is observed in the other surveyed topics (the complementary). In this way, the respondents’
perceptions are revisited, and further developments are discussed while addressing OR/MS Education within this
evidence-based approach.

Keywords: OR/MS education, Enrolment, Retention, Restructuration, Teaching, Transition into labor
market, Statistical analysis
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Submissao #73

Last-mile Delivery with Crowdsourcing
Tiago Monteiro, Joao Pedro Pedroso, Ana Viana

E-commerce has suffered a substantial increase in the last years. Customers buy more often online and expect
quicker deliveries with smaller shipping fees. That represents a challenge for retailers that need to ensure service
quality and efficiency over the multiple phases of the supply chain. We will study new models and algorithms
to optimize the last phase of delivery of online purchases: last-mile delivery. In particular, we will exploit the
concept of crowdsourcing in which, in addition to professionals, ordinary citizens (a.k.a. occasional couriers -
OCs) participate in the delivery process. This problem combines two well-known problems in the literature:
routing and matching. Parcels are matched with occasional couriers, and routes are generated for the company
fleet and occasional couriers. For such a study, we develop a simulator that enables companies to understand
how crowdsourcing can benefit them. Mainly, we aim to consider the stochasticity of potential occasional couriers
when making decisions in terms of availability and the expected compensation. We further extend this work by
incorporating machine learning /reinforcement learning tools into the simulator to evaluate diverse matching and
compensation strategies and estimate their outcome.

Keywords: Last-mile Delivery, Crowdsourcing, Simulation, Machine Learning

Last-mile Delivery with Crowdsourcing

Tiago Monteiro, Jodo Pedro Pedroso, Ana Viana

Crowdshipping: ordinary people enroll in a program to deliver goods to the final customer on
their way home with no or little detours for a compensation (occasional couriers, OCs)

Routing and Assignment Problem: R
xOnline orders: "final consumer" of last-mile delivery = 4% =
xWorkforce: deliveries can be done either by Professional fleet route

occasional couriers or by the store own fleet
(professional fleet)

Objective: determine deliveries for occasional

couriers and routes for professionals that lead to

minimum distribution cost given by the professional & - ‘k’ ﬂ
fleet delivery costs plus the compensation given to —, =
occasional couriers 4% Online orders destination

Approach: design a simulator that allows businesses to study and understand if this delivery
model is suitable for them and under which assumptions (configurations)

Challenges:
Dynamism: the decisions must be taken online ( the OCs/online orders arrive at the store during the day)
x Multiple Scenario Approach

AN
o Stochasticity: the occasional couriers can accept or reject the delivery tasks proposed to them (e.g.,
depending on the extra journey they are willing to execute and the compensation they get)

x Scenario Planning, Reinforcement Learning

Scenario Generation: online orders/OCs demand generated by Generative Adversarial Networks

A
X O'X
Ega Optimization: Mixed Integer Programming (MIP), Assignment rules/heuristics
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Submissao #74

e-constraint algorithms for the Pareto front representation of multi-objective
integer programming
Mariana Mesquita-Cunha, José Rui Figueira, Ana Barbosa-Povoa

Many decision problems; although sometimes modeled as single objective, are, in fact, multi-objective problems.
However, showing a full Pareto front to a decision maker may be overwhelming. Hence, one option is to select
a subset of the Pareto front to present to the decision maker. Nevertheless, that raises the questions of which
solutions to present to the decision maker and, furthermore, how can we focus on generating only the desired
subset of Pareto front solutions. Considering that a good subset of solution is one where the uniformity, coverage
and cardinality of the subset are considered, three generation algorithms based on the e-constraint method that
address each of those concerns are put forward. Additionally, the algorithm that targets the subset’s cardinality
and the one that focuses on uniformity present procedures that skip the search for redundant solutions. Finally,
all three algorithms are insensitive to the quality of the estimation of the Pareto front extremes. Results show
that the proposed algorithms, apart from generating representations of the Pareto front, are also competitive
when generating the full Pareto front.

Keywords: Multi-objective generation method, ¢-constraint, Integer programming, Generation method
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Introduction R
Representation problem

Many decision problems, although modeled as
single objective, are, in fact, multi-objective
problems. However, showing a full Pareto front
to a decision maker (DM) may be
overwhelming. Hence, one option is to select a
subset of the Pareto front (PF) to present to

-

. Coverage: How does the representation cover all
regions of the objective space included in the PF,
N(2)
min T(R(N), N(Z)) = max.cy(z) min.e oy d(z, ')

2. Uniformity: How diverse and equally spaced are
the DM. mY - e
the points in the representation, i.e., how spread
That raises the questions of: max A(R(N)) = min. e g(n),sps Z)
1. Which solutions to present to the DM? 3. Cardinality: The number of OUICOME VECMOTS pigue s Example of o parto frontfor a three
2. How to generate only the desired subset considered objectve problem where in blue are al the

of PF solutions to present to the DM? v Pareto front points and in red the ones
P min 11(R(N)) Computad g  rprssamaion sgorten

Methodology Results
* Three e-constraint algorithms targeting each Table 1 - Algorithms’ results when computing the whole Pareto front, as number of
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Submissao #75

Development of an algorithm for the scheduling problem in the flooring
industry
Rui Figueiredo, Ana Raquel Xambre

This work was developed in a flooring industry that is currently facing an increase of product variety and a
decrease of batch sizes. This high mix-low volume environment has led to a higher complexity of the production
system and made intuitive scheduling more difficult. As such, a scheduling algorithm adapted to the needs of
the company was developed in order to obtain, in a more formal and logical way, a solution to the scheduling
problem. First, an analysis of the production system was carried out which helped to identify the factors that
should be considered, namely: products, routes, production pace, setup times, work shifts and breakdowns. On
a second stage, the structure of the procedure was designed taking into account that it should integrate the
aforementioned factors. In the validation stage, two weeks of production were chosen and the scheduling was
simulated. The objective of the work was achieved, the algorithm was developed and is operational for the reality
of the company. Even so, given the complexity of a scheduling system for this type of environment, improvements
were identified, namely making the algorithm more flexible to user inputs, and improving the interaction platform.

Keywords: Scheduling, High mix-low volume, Algorithm
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Product:
+flooring

Production process:

+2 finishing departments

*process oriented production
systems

mwwmmwm

+11 product families

scutting - 3
*gluing - 1
svarnishing - 1

*more products
*smaller batches
*manual scheduling

Methodology:

Quantitative Analysis
+Production pace

*Work shifts

«Setups

Qualitative Analysis
*Products
*Equipment
«Product routes

* Breakdowns

LATE ORDERS

*packaging -1
Department 2 - 8 equipment
scutting - 1
+gluing - 3
svarnishing - 1
*painting - 2
*packaging -1

1

Development of the
algorithm

Algorithm:
CP Optimizer (from Cplex)

Tests:
«Two previous weeks were simulated and the results were compared
to the real situation.
«There is always WIP from previous weeks and WIP that results from
that week’s work.

18 eumnment
Breakdowns

Conclusion: e ———————
«The algorithm considers the main constraints | =S m—_
of the system (work shifts | setups | S g W=
e —

Setups

It provides good solutions in seconds.

Future work:
*To adjust the solution to
the monitoring of the production system is required
(dedicated worker | industry 4.0 type solutions).
*The current interface could be improved (flexible Gantt
chart).
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Submissao #76

Preventing food loss and waste in the fruit and vegetable supply chain: a
multi-criteria approach
Vanessa Magalhaes, Luis Ferreira, Cristovao Silva

Reducing food loss and waste (FLW) is a global concern, but little research has been performed to develop tools to
guide the selection of suitable mitigation strategies and to evaluate the strategies? effectiveness to achieve the tar-
geted goals. Therefore, this study develops and presents a three-phase evaluation framework to identify, evaluate
and rank potential mitigation strategies to fight FLW. The framework was tested in the context of the Portuguese
fruit and vegetable supply chain (FVSC). In the first phase, a literature review is performed and focus group
discussions (FGD) are used to identify potential strategies to tackle the causes of FLW experienced in the FVSC.
The second phase uses the fuzzy Step-wise Weight Assessment Ratio Analysis (SWARA) method to determine
the relative weights of the evaluation criteria for FLW mitigation strategies. Finally, in the third phase, the fuzzy
weighted aggregated sum product assessment (WASPAS) is used to rank the mitigation strategies. Results show
that preventing FLW is a shared responsibility, highlighting the role of collaboration, coordination and informa-
tion sharing towards the prevention and reduction of FLW. Overall, this paper provides researchers, practitioners
and policymakers with a structured approach to prioritise cost effective efforts with higher environmental and
social gains.

Keywords: Food Loss and Waste, Fruit and Vegetable Supply Chain, Mitigation Strategies, Fuzzy Step
Wise Weight Assessment Ratio Analysis, Fuzzy Weighted Aggregated Sum Product Assessment
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Preventing food loss and waste in the fruit and vegetable
supply chain: a multi-criteria approach
Vanessa S. M. Magalhaes!', Luis Miguel D.F. Ferreira', Cristovio Silva'

1Univ Coimbra, CEMMPRE, Department of Mechanical Engineering, Coimbra, Portugal

Introduction Results

* The Target 12.3 of the United Nation’s 2030 Agenda for
Sustainable Development calls for the halving of per capita
global food waste at the retail and consumer levels and the
reduction of food losses along production and supply chains,
including post-harvest losses, by 2030.

RS A PUSES

FRUTS ANDVEGETABLES

MEATAND ANIMAL FRODUCTS

ROOTS, TUBERS AND OLSEARING (ROPS

15 b3
PERCENTAGE OF FOOD LOSS
Source: PA0, 2019. The Stote of Food and Agrculture. Moving forword on food loss ond woste reduction.

Ranking of the Mitigation Strategies for FLW in the FVSC:

| Share and maintain information regarding the remaining shelf-life

|2 Training staff on handiing practices

3 Ensure communication among FSC stages

4 Implement automated demand forecasting systems

5 Develop and use intelligent packaging to monitor quality

6 Improve visibility along the FSC through traceabiliy systems

|7 Correct date marking to avoid confusion

8 Find new markets for overproduction

191 invest in more and regularly maintain storage facilities

10 Develop new packaging to enhance shelf-life

Il Implement integrated IT systems through the FSC

12 Improve cooling methods

18] Ensure adherence to standard procedures

14 Improve transport infrastructures

+ There is a lack of literature dedicated to the P of
tools to guide the selection of suitable mitigation strategies
and to evaluate the strategies’ effectiveness to achieve the
targeted goals.

Focus

Methodology
Group

Identify mitigation strategies to overcome relevant
causes of FLW
Discussion
Set the criteria for evaluating the alternatives  |&———

Sort the evaluation criteria in descending order,
based on their expected importance ]
Estimate fuzzy coefficients, recalculated weights
and relative weights of each criterion
Determine the defuzzified weight of evaluation
criteria

Literature
Review

Phase |

Phase 11

Develop a fuzzy decision matrix (FDM) by scoring
the strategies based on their performance |

Determine the weighted normalised FDM for the

Weighted Sum Model and Weighted Product Model

Phase 11l

Deffuzify the fuzzy performance measurements
Calculate the utility function value

I5 Improve the means of transportation

' Adjust packaging size
Information 1 Technology
¥ Quality Transport and Infrastructure
Conclusions

+ Information-related  strategies have higher performance
towards FLW reduction.

+ Preventing FLW is a shared responsibility, with collaboration,
coordination and information sharing playing a major role in
FLW reduction.

+ Sharing information can minimise the mismatch between
supply and demand and improve the quality of decisions that
relate to the product’s shelf life.

s:l::',m Coordination
Mechanism
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Submissao #77

Towards an Application Programming Interface for Constructive Search
Samuel Outeiro, Carlos M. Fonseca

Optimisation practice is intimately related to the availability of software tools to support it. Current approaches
to combinatorial optimisation typically fall into one of two broad classes: glass-box mathematical program-
ming formulations and solvers, such as integer linear programming (ILP) and constraint programming (CP),
and black/grey-box problem models and (usually heuristic) algorithms implemented directly in software. The
latter may be more flexible and easier to integrate into existing workflows, but the lack of a de-facto standard
for modelling/implementing optimisation problems in software hinders its adoption in practice. In fact, different
optimisation software frameworks usually require problems to be implemented in that framework. In addition,
most such frameworks strongly emphasise local search algorithms over constructive search. The development of
an Application Programming Interface (API) for constructive search problems and algorithms is the main focus
of this work. The problem formulation is separated from the algorithm that solves it by specifying a number of
abstract elementary operations that problems must implement and solvers can use in a problem-independent way.
Both exact and (meta-)heuristic algorithms are supported, including Branch and Bound, Beam Search, GRASP
and Ant Colony Optimisation algorithms, among others. A discussion of the implications of the proposed abs-
traction for the development of novel constructive search algorithms concludes the presentation.

Keywords: Constructive Search, Combinatorial Optimisation, Software
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Motivation

«There is no de-facto standard for modelling
and implementing optimisation problems
as constructive-search problems.

«This is in contrast to Integer Linear Pro-
gramming (ILP) and Constraint Program-
ming (CP).

« Opportunity for the development of an Ap-
plication Programming Interface (API) for
constructive-search problems and algo-
rithms.

API Development
Constructive Search
«Solutions can be seen as subsets of compo-
nents from a larger set - the ground set.

« Solutions may be feasible or infeasible, and _

partial or complete.

« When constructing a solution, components
may be present, absent or forbidden.

« Construction obeys certain rules.

Proposed API

=+ Data structures:
—Problem, solution, component.

« Elementary operations on solutions:
~ Add or remove components.
~Forbid or permit components.
~ Generate empty or heuristic solutions.
- Compute bounds on (partial) solutions.
- Evaluate feasible solutions.

Construction Step in GRASP.

Sample heuristicMoveWOR(ADD) while list is not full

| Add component to list

Select a component at random from list

Add component to solution with applyMove(ADD)

Branching in Branch & Bound
ol

Validation
« Demonstrate the expressiveness of the API
by implementing a set of problems models:
~ TSP, QAP, MKP, CTP
and a set of solvers:
—B&B, IG, GRASP, ACO, Beam Search

Experimental Analysis
Evaluation of API Overhead
+ B&B based on the API vs. handcrafted B&B
implementation.
« Applied to random instances of the Cable
Trench Problem (CTP) [1].
+Slowdown lower than three times (and

may be further reduced).

R

Figure 1. Run times of two B&B implementations

Solver Performance Evaluation
« Metaheuristics: ACS, ANTS, AS, MMAS,
GRASP (construction phase only).
« Applied to TSP instances from TSPLIB.
« Very weak lower bound: the length of the
partial tour.
+1000 x (no. cities) constructions per run.

Effect of the Model on Solver Performance
« Applied MMAS and ANTS to TSP instances.
+ Three different lower bounds:

~The length of the partial tour (Weak).

- The length of the partial tour + the
lengths of the shortest n — J arcs not
included in the tour (Intermediate)

~The length of the partial tour + the length
of the MST for the graph consisting of
not visited cities + the lengths of the two
shortest connecting arcs (Strong)

+1000 % (no. cities) constructions per run.

« Implementation of the Strong bound was
not optimised. Some instances did not run
to completion in the allotted time (48h).

Figure 3. Effect of bounds on solver performance

+ Applied Friedman test and Nemenyi post
hoc test as before.

* Ranking: MMAS-S MMAS-W ANTS-S
MMAS-I ANTS-TANTS-W.

+ The Strong bound does appear to improve
the quality of the results, but the difference
is only significant for ANTS.

Concluding Remarks
+ Solvers can be transparently applied to
problem models and vice-versa.
« Problem implementation effort can be
made i

Component ¢
Add ¢ to solution with applyMove(ADD)

Expand solution further [recursion]

Remove ¢ from solution with applyMove(REMOVE)
Forbid c in solution with applyMove(FORBID)
Expand solution further [recursion]

Permit ¢ in solution with applyMove(PERMIT)
Return [end recursion]

Figure 2. pe

« Applied Friedman test with a significance

level of 0.05 - null hypotheses was rejected.

« Applied Nemenyi post hoc test with a sig-
nificance level of 0.05.
+Ranking: MMAS ACS AS ANTS GRASP.

+ Improved models potentially benefit all
solvers.

« small set of implemented solvers so far.

+ Simplistic lower-bound semantics in the
multi-objective case.

+ Dynamic programming not supported, yet.

« Lack of user familiarity with the API (un-
like with ILP or CP).
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0 v .. Bt &

@ SRR FCT

CoMPENSe W5020 [

Figueira da Foz, 7 e 8 de novembro de

2021



90 IO 2021 | XVI Congresso da Associacao Portuguesa de Investigagao Operacional

Submissao #78

The impact of uncertainty on planning and scheduling of human-robot
assembly lines
Miguel Vieira, Samuel Moniz, Bruno S. Gongalves, Tania Pinto-Varela, Ana Barbosa-Pévoa, Pedro Neto

The complexity of production environments due to uncertain demand and processing variability have been recog-
nised as a common problem in the development of efficient planning and scheduling tools. In this work, we explore
an optimisation-simulation method based on the Recursive Optimisation-Simulation Approach (ROSA) to pro-
vide decision-support for integrated production planning and scheduling, combining a mathematical optimisation
module with a high-resolution discrete-event simulation model. The advantage of this iterative approach is that
the simulation can incorporate the system dynamics and stochastic behaviour, reducing the optimisation problem
hindrance by leaving some of the hard-to-model constraints for the later. Through an industrial case study of a
multistage assembly line collaboratively operated by humans and mobile shared robots, the work focusses on the
advantages of the hybrid approach in the definition of planning and scheduling solutions, given a process layout
with available workstation resources to produce a set of products with a defined sequence of operations steps. We
highlight the overall impact of the uncertainty parameters integration in the methodology in order to guarantee
capacity-feasible solutions, given the assessment of the operational process dynamics.

Keywords: production planning and scheduling, optimisation-simulation method, uncertainty
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| scope | METHODOLOGY

Development of efficient planning and

scheduling tools due to uncertain

demand and processing variability tolerm albemsialmodels [ o yes |z

H A e

Sl oo | predun 2

MOTIVATION =1 3| T e H
= Problem complexity of industrial R ol N
Moded® 1§ T

production environments

Hybrid optimisation-simulation method
based on the Recursive Optimisation-
Simulation Approach (ROSA)

T sinutiion Modae

A g

| imutation Model |

Aggregated MILP optimisation module
with a high-resolution discrete-event

simulation model = incorporates the
system  dynamics and  stochastic
behaviour of the industrial process

CASE STUDY I RESULTS HIGHLIGHTS

P 5

Lk

Industrial multistage assembly line collaboratively operated
by humans and mobile shared robots = multiproduct
workstations layout and sequence of operations steps

Uncertainty parameters - human tasks’ processing times,
robots velocity, sequence-dependent setup times, robot
battery repair, and random micro-stoppages

Assessing different scenarios (e.g. type/number, processing
times, demand), layout  configurations (e.g.
resources performance, setup downtimes and bottlenecks)
> evaluate cost-effective planning/scheduling solutions
feasibility to minimize costs and makespan

process

Heratiors

e Opimization + Surilaion.

= lterative procedure relevant to overcome

computational challenges with such decisional levels

Robust assessment to capacity-feasible planning, given
the operational process dynamics > e.g. task
allocation of a set of collaborative mobile robots

Uncertainty impact on solution convergence with ROSA
requires to further explore alternative mathematical
optimisation approaches

@ gominia @comere [ e @ EIGes [3]71E

Acknowledgements
UE/FEDER through the program COMPETE and FCT project UIDB/00285/2020

Figueira da Foz, 7 e 8 de novembro de 2021



IO 2021 | XXI Congresso da Associacao Portuguesa de Investigagao Operacional 91

Submissao #79

Product line selection of fast-moving consumer goods under stochastic
demand
Xavier Andrade, Luis Guimaraes, Gongalo Figueira

Selecting fast-moving consumer goods product lines requires deep insight into projected production costs and
demand volumes, given the sector’s thin margins. Demand volumes are difficult to estimate, because both the
total market size and each individual product utility are subject to considerable uncertainty. This paper tackles
product line selection for fast-moving consumer goods producers, incorporating market sizes and product utility
uncertainty. We propose a stochastic formulation to determine profit-optimizing product lines. Sequentially, our
approach makes a selection and, when demand reveals itself, computes complexity costs by solving a capacitated
lot-sizing problem. We address this model’s complexity on two fronts: using Bender’s decomposition and reducing
the number of scenarios to consider. The decomposition method drastically cuts solution times, particularly for
instances with small subproblems. The scenario reduction procedure achieves equivalent stability to random draws
using almost one-third of the scenarios. Lastly, we analyze the value of the stochastic solutions under different
random utility models, attractiveness coefficients of variation, and capacity conditions. The stochastic approach
leads to clear benefits in expected profit, managing up to 5.1% mean profit increases and 39.4% expected shortfall
reductions compared to deterministic solutions.

Keywords: Product line selection, Stochastic programming, Multinomial logit, Multiplicative competi-
tive interaction, Lot sizing

PRODUGT LIE SELEGUION OF FAST-ROVING CONSUMER GOODS

under stochastic demand Xavier Andrade supervised by L. Guimardes and G. Figueira
EXECUTIVE SUMMARY

* Fast-moving goods have ded product lines aggressively.

* Quantitative models for ging the ded product lines overlook uncertainty.

« We propose a ic product line selection model considering the sector’s requisites.

STOCHASTIC MODEL MANAGES UP TO 5.1% MEAN PROFIT INCREASES AND 39.4% EXPECTED
SHORTFALL REDUCTIONS RELATIVE TO ITS DETERMINISTIC COUNTERPART

METHODOLOGY WE DEVELOP A TWO-STAGE MIXED INTEGER STOCHASTIC PROGRAM

SUBPROBLEMS
Aftraction consumer response Selection Capacitated lot sizing

Market )

g , y
| '

N 0
size J leed cose m

o
= -4
g [ Prices H Demand H Product I|neH Supply Synergles ;
& £
Consumer ||
behaviour Invemory
MASTER PROBLEM
[ FORWARD SCENARIO SELECTION] [ BENDERS DECOMPOSITION |
WE REDUCE PROBLEM COMPLEXITY BY DECOMPOSING IT AND SELECTING SCENARIOS
RESULTS
SOLUTION PROFIT

STOCHASTIC VS DETERMINISTIC
+$1.7% +$3.2% +$3.7% +$1.8% +§3.0% +$4.1% +$0.6% +$3.8% +$5.1% +$0.9% +$3.8% +$4.9%

(44 9{=<==<<4

Tight Normal Loose | Tight Normal Loose | Tight Normal Loose | Tight Normal Loose
CAPACITY
High CoV I Low CoV

o CONSUMER o »
Multinomial logit CHOICE Multiplicative competitive
|

High CoV

Low CoV

OUR APPROACH SHOWS CLEAR BENEFITS OVER DETERMINISTIC SOLUTIONS
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Submissao #80

Attractive measures refuse collection solutions
Leonor Santiago Pinto, Jodao Janela, Maria Candida Mourao

Refuse collection solutions are usually validated through the total time. We propose an attractive measure that
aim to evaluate the solutions’ fitness to address a real case study. Solutions are gathered by hybrid matheuristics
compared with the ones obtained by a mixed integer linear programming model for a mixed capacitated arc rou-
ting problem. This study was motivated by a household waste collection system in the Portuguese municipality
of Seixal. The GIS tool, available at the municipality, is used not only for the input/output but as an alternative
method to design sectors as it provides spatial information. The methods developed and the model are tested on
real based instances and the results of that computational experience reported and analyzed including attracti-
veness measures.

Keywords: Attractiveness measures, Mixed capacitated arc routing, Matheuristics, GIS

Attractivity measures & refuse collection solutions

HM _ : P
(M) Household (door to door) H1 — Hybrid Matheuristic
i waste collection 0. k=1
i ing ti Iteration k
SRR 1. identifies one trip Ty with (HM)
2. Remove Ty

subject to Seixal municipality W=
4. IF (k = |K|) STOP

Service all tasks ELSE GOTO 1

Prevent illegal subcircuits

H2 — 2 Phase Matheuristic

Balance node constraints

Bounds on flow variables h 1. Sectoring: Assign tasks to sectors
Routes Design (GIS)

; Sectorin,
Identify one giant route & a valid trips 2. Routing: Use (HM) to design 14

K] vehicles foutes Tasks are assigned to
TS - demand sectors organized in layers
no. tasks Application /»/H\\
S
& [ N
Ifa= |m Motiv. o \
‘ i Heuristics ( i ’)\ fed J
{HM) = valid model, HK Hybrid MILP i ~
\
N model N
oo el meelayer2 lagerd = laerd
Old Measures 18 Seixal Instances
C1 = Average no. connected components Attractivity Results 265 <nodes< 1223

357 <tasks < 1023 492 <links < 2254

ATD = av.sh h hicle task 5
v. shortest path between a vehicle tasks 2< ‘K‘ <6 11 < no. connected comp. < 152

ROI = overlapping of a solution vs overlapping of an “ideal” one -““
— 13 18

Area(C, 0 Cy) No. FS 7

___ Ies Zrea(Cy

= Ok =— =7 No. best FS 2 16 2
Cy convex hull of vertices visited by trip Ty Gap (%) 64.30 5.33 13.14
CI (Av.) 355 224 15.9
B(Ci N C) ATD (Av) 128.8 116.4 70.1
WHO, = Bem uCy ROI (A 2.98 1.70 0.36

Kl wHo, & =1 (22) ; i ;
WHO = K HO (Av) 0.72 0.50 0.07

100 = [ playyasay
0<WHO <1 I WHO (Av.) 0.25 0.17 0.03
smaller value h better shape
Conclusions CPLEX 12.9.0

HK - solves small instances

H1 - better gaps

igh ; -
i‘:\;zeclfs‘ H2 — more attractive shapes
WHO — better to measure overlapping in networks

with areas with dissimilar characteristics

WHO = 0.685
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Submissao #81

Das florestas as redes na modelacao da propagacao do fogo
Susete Marques, Mariana Dias, Isabel Martins, Filipe Alvelos

Os principais modelos de propagagao do fogo a escala da floresta baseiam-se na representagdo da paisagem como
uma rede em que os nodos correspondem a células e os arcos a relagoes de adjacéncia. Naturalmente, diferentes
defini¢oes das células e das relagoes de adjacéncias conduzem a diferentes redes, quer em termos de estrutura,
quer em termos de dimensao. Neste trabalho, propdem-se abordagens de definicao de redes tendo em conta a
relacdo entre a granularidade das células, definicoes de adjacéncia e influéncia nos modelos de propagacao de
fogo, utilizando o software Flammap. Este trabalho foi realizado no ambito PCIF/GRF/0141/2019 "O3F - An
Optimization Framework to reduce Forest Fire"financiado pela FCT, Fundacao para a Ciéncia e Tecnologia.

Palavras chave: Modelos de propagacao do fogo, Redes, Flammap

iComu é que o tempo de propagagdo de um incéndio numa floresta, simulado pelo
“IFlamMap, é influenciado pela definicéo de adjacéncia entre os povoamentos?
TN T Dy < 3 J ¥ A

P AV

Povoanentos

En corte raso
Eucal ipto com Pinheiro
Eucal ipto com Sobreiro
Pinheiro con Eucalipto
Pinheiro con Sobreiro
Castanheiro
Eucal ipto
Pinheiro 751.4
Ripicolas 1.6
Sobreiro 128
143201

40 FlamMap simula a propagacdo de um incéndio numa
aisagem. 0 tempo de propagacdo do incéndio é calculado
¥ com base em modelos de comportamento do fogo e no 3
lgoritmo minimum travel time (Finney 2002)aplicado a
m grafo que representa a paisagem.
N e W X

@ 2. Partilharem uma fronteira com 7 metros ou menos
3. Estiverem a uma distancia inferior ou igual a o metros.
S A NN

ERRA, Universidade oa. (2) Instituto Suparior do Agronoe o do
igacio Operacional. Universidade de Lisboa, () Algoritai. Universidads do Minho, (5) Departanento de Prodiodo o

3 Vi
Universidade do Lisbos, (3) Contr

INSTITUTO
SUPERIOR B
AGRONOMIA
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Submissao #82

Integracao dos modelos de Rothermel e do tempo minimo de transmissao
para modelacao da propagacao do fogo
Joao Pedro Silva, Jodo Marques, Rita Amaral, Senhorinha Teixeira, José Carlos Teixeira, Susete
Marques, Mariana Dias, Isabel Martins, Catarina Santos, Ana Raquel Xambre, Helena Alvelos, André
Mendes, Filipe Alvelos

Incéndios florestais sao classificados como fenémenos complexos, com dimensdes de tempo e espago que variam
numa escala de segundos e milimetros a mais de um dia e mais de um quilémetro. Quando ocorre em florestas, o
fogo pode ter um enorme impacto nos seres humanos, pois coloca a vida e propriedades em perigo. Portugal foi o
dnico pais dos Estados Membro da Unido Europeia com um decréscimo da area florestal nas dltimas trés décadas.
Os incéndios florestais sdo a razao por detras desta redugao, o que faz com que a gestao do combustivel florestal,
e da floresta em geral, seja fundamental para evitar danos no ecossistema. Neste sentido, prever este fenémeno é
de grande importancia para a tomada de decisdes na prevengao e combate. Deste modo, propde-se a integragao
do modelo de Rothermel no modelo do tempo minimo de transmissao. Este tltimo representa a paisagem como
uma rede, com tempos de transmissao do fogo associados aos arcos, e determina o tempo de chegada do fogo a
qualquer ponto da rede de forma eficiente através de um algoritmo de caminhos mais curtos (e.g. algoritmo de
Dijkstra). Neste trabalho exploram-se modelos de propagagao do fogo em que os tempos de transmissao nos arcos
da rede do tempo minimo de propagacao sao obtidos com o modelo de Rothermel. Este trabalho foi realizado no
ambito PCIF/GRF/0141/2019 "O3F - An Optimization Framework to reduce Forest Fire"financiado pela FCT,
Fundacao para a Ciéncia e Tecnologia.

Palavras chave: Incéndio Florestal, Modelacao Matemética, Rothermel

Integracéo dos Modelos de
Rothermel e do Tempo Minimo de
Transmisséo para Modelagéo da
Propagacéao do Fogo

Jodio Pedro Silva (1,2), Joo Marques (3), Rita Amaral (2), Senhorinha Teixeira (2,4), José Carlos Teixeira (1,3), Susete Marques (5,6), Mariana Dias (5),
Isabel Martins (6,7), Catarina Santos (8,10), Ana Raquel Xambre (9,10), Helena Alvelos (9,10) André Mendes (11), Filipe Alvelos (2,4)

Objetivos
* RotherMTT: Modelo integrado para simular a propagacéo do fogo para:
« Avaliar propagagéo do fogo a escala da paisagem;

102021

ANALYTICS FoRA
—BETTERWORLD

« Integracéo da propagacéo de fogo na otimizagéo da utilizagado de recursos na extingdo de incéndios;
« Integrar otimizagéo e simulagéo da propagacéo de incéndios em gestéo florestal.

Metodologia
* Modelo de Rothermel

* Minimum travel time (MTT)

« Estima a taxa de propagagdo com base nas
propriedades do combustivel, declive e vento.

+ Condigdes constantes - adequado para um povoamento,
mas n&o para floresta (heterogénea).

_ IRE(L+ W + Ps)

« Equagdo principal:
PEQig

R.C.(1972). P o 115)
tain Forest & Range Experiment Station, Forest Service, US Department of Agricuure.

* RotherMTT: Integracédo Rothermel + MTT

« Todos os potenciais tempos de transmissao do fogo

entre povoamentos adjacentes séo calculados com o
modelo de Rothermel;

« Tempos de chegada do fogo a todos os povoamentos

séo calculados seguindo o principio MTT

Resultados

Caso de Estudo: Zonas de Intervencao Florestal
de Paiva e Entre Douro e Sousa

« Area total: 14320 ha (1406 povoamentos).

« Aplicagdo do modelo RotherMTT: conversdao de
dados da floresta (altura e biomassa dos centros dos
povoamentos, vento dominante) em parametros do

10 minutos para local de ignicao dado.

* Principio Minimum travel time: o incéndio segue o

« Floresta representada por uma rede em que nodos sédo

* Conhecidos  os

« Exemplo: valores nos nodos correspondem a tempos de
chegada dada a ignicdo no nodo vermelho, cores
retratam o estado do incéndio no instante 50).

modelo de Rothermel. e
- ' e
« Estado do incéndio nos dois componentes apés ;s”j..:

caminho por onde se propaga mais rapidamente.

povoamentos / unidades de gestdo (homogéneos) e
arcos representam adjacéncias.

tempos de propagagdo entre
povoamentos e dada uma ignigdo, um algoritmo de
arvore dos caminhos mais curtos (e.g. Dijkstra) permite
determinar o tempo de chegada do fogo a cada célula.

Universidade do Minho

FCT

Fundagio
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Submissao #83

A Holistic Framework for Increasing Agility in a Production Process
Leonor Magalhaes, Jodao Guedes, Jorge Freire

Following the globalization and technological development, markets become progressively more volatile and dy-
namic, perceiving new competitive advantages related to agility. The urge to produce faster and at a lower cost,
without compromising customer needs, is emerging in a new era where adaptability is the key. Thus, this study
focuses on the development of an agility framework. A project within a leader metal packaging industry worked
as the framework trigger. Agility increase was the main target, where production line flexibility leverage and
equipment efficiency optimization were also contemplated. However, different barriers to agility were unveiled.
To solve the agility problem, four concepts seem to have an impact in that direction, such as Equipment Ef-
ficiency, Product Complexity, Portfolio Management and Production Planning. This paper is centered in how
these four forces interact to influence an agile manufacturing and in understand the methodologies to overcome
the problem. The different concepts mentioned above are implemented, as a rule, separately with a clear line
of action. However, in the context of the project, the integration of the four overlapped concepts was crucial,
prompting the development of an agility framework that will be presented in this study.

Keywords: Agility, Overall Equipment Efficiency, Production Planning, Product complexity

A Holistic Framework For Increasing Agility 102021

in a Production Process illg;’;"’i“l”,()
FEUP st
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SUMMARY AGILITY FRAMEWORK

Following globalization and technological development,
markets become progressively more volatile, perceiving new
competitive advantages related to agility. The urge to produce
faster and at a lower cost without compromising customer
needs is emerging in a new era where adaptability is the key.
Four concepts seem to impact that direction in order to solve
the agility problem: Equipment Efficiency, Product
Complexity, Portfolio Management, and Production Planning.
This study is centered on how these four forces interact to
influence agile manufacturing and understand the
methodologies to overcome the problem.

The different concepts mentioned above are implemented, as a
rule, separately with a clear line of action. However, the
integration of the four overlapped concepts was crucial,
prompting the development of an agility framework.

METHODOLOGY

The framework trigger was a project within a leader metal
packaging company where agility increase was the primary
target.

“The practical experience combined with the literature review
based on the areas identified as agility influencers allowed the
framework development. The literature review focused on the
interactions between the four concepts that affect flexibility
within a production process.

RELATIONSHIPS REVIEW

Table | represents the generic characteristics that ft into the
agility problem, integrating also the relationships between

The proposed framework systematizes both the sequence and the
methodologies for leveraging the agility of a production process.

Production Planning
g Product Portfolio Equipment
Complexity Management Efficiency
Methodologies Metrics.
Product Complexity VAVE Number of components, Product cost
Portfolio Management. VRP Number of references.
Equipment Efficiency SMED, Kobetsu OEE, Setup Time

Production Planning Pull Planning EPEI, Lead Time, MOQ

Voice of the customer (VOC) is an input of the framework since it is fundamental
to understand customer’s requirements with respect to the product that s offered.

Value Analysis Value Engineer (VAVE) corresponds to the methodology used to
reduce product complexity.

VLML RENES VALUE ENGINEERING
- Evaluating Implementing
rr existing Product Disruptive Maximizing
Specifications Innovations product value

Variety Reduction Program (VRP) corresponds to the methodology used to
optimize portfolio management.

Uy, m,
i T

them.
Portfolio Product Equipment | Production o Value-Added
Management | Complexity Efficiency Planning Abundance References
A . . .
Portfolio - 'g;“;‘o, Single Minute Exchange of Die (SMED) and Kobetsu correspond to the
Management | o onces methodologies used to leverage equipment efficiency.
Agreat
Product | Redundancy of (:“m';'z:;::s
Complexity roducts | oo e SMED Method focused mﬁ” Machine-focused
added N on reducing £ method, applied to
unproductive ™ | the lowerefficiency
o Froduct Pl changeover time [ machines
eatures that . -
i Agreat et High setup
Efficiency | """ | complexity to ane
s ~Low OEE
Production Planning is continuously improved through the previous framework
An early poin steps.
Production of differention e Long lead
anting nplexity in | O Aerenton | yigh epel times
-High MOQ

Hon chain

Table | - Generic matrix of characteristics thatfit into the agility problem

‘OEE- Overall Equipment Efficicency
EPEI- Every Part Every Interval
MOQ- Minimum Order Quantity

D HE e
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Submissao #84

Seller-buyer supply chain: A game theory framework
Jodo P. Almeida, Carla A. S. Geraldes, Joao P. Coelho

We present a game theoretical framework to study competition and collaboration scenarios in seller-buyer sup-
ply chains, representing a manufacturer that wholesales a product to a retailer who, in turn, retails to the final
consumer. We study cooperative and non-cooperative scenarios, by considering in the first case a Stackelberg
game under both the situations where one of the players, either the buyer or the seller, plays the leading role
by taking the initiative and forcing the strategy of the other player, the follower. In the cooperative game, we
analyse scenarios where the profit of both players are increased when applying joint cooperative strategies. We
also compute the Nash equilibria. This is undergoing work.

Keywords: Seller-buyer supply chain, Game theory, Stackelberg game, Nash equilibrium

I A:Nsv:mno poLTECNICO ;
DE GRAGANGA : )

Seller-buyér subply chain:
A game theory framework

Joao P. Almeida, Carla A. S. Geraldes, Jodo P. Coelho
CeDRI - Polytechnic Institute of Braganca

Introduction and background

We consider a seller-buyer supply chain consisting of a manufacturer which wholesales a product to a
retailer who, in turn, retails it to the final consumer. The interaction between seller and buyer can be
analised by considering cooperative and non-cooperative scenarions, as well as leader-follower
scenarios. This sets the perfect environment to introduce Game Theory as a tool to model the
strategic interactions between the two players in the named different scenarios.

Objectives

To develop a game theory framework to model the strategic interaction of one seller and one buyer
in a seller-buyer supply chain.

To consider different scenarios (cooperative and non-cooperative) and study which strategies are
Nash equilibra regarding the profit of both players

Methodology & goals

« Perform an review to understand: (i) the extension of research reg: g the
application of game theory in seller-buyer supply chains, in different cooperative and non-cooperative
scenarios; and (ii) which assumptions/constraints and parameters ought to be considered in order to set up

a game theory k to model strategic interactions in the seller-b upply chain,

and to be i for the

 Setting up the decision variables, the
analysis.

+ Development of game theoretic models within different scenarios. We consider both cooperative and non
cooperative scenarios. We investigate the exisitence of Nash equilibria and we consider Stackelberg games.

* Practical validation through numerical examples to better visualize the effects of the strategies by the
seller and the buyer.

Contributions

An extensive literature review has been performed.

Decision variables considered: Price charged to the buyer by the seller, Lot size and price
practiced by the buyer to the final consumer.

Different scenarios were considered: cooperative and non-cooperative.

Stackelberg games were considered in the non-cooperative scenario.

Acknowledgement
This work has been supported by FCT - Fundagdo para a Ciéncia e a Tecnologia within the Projects
Scope UIDB/05757/2020.
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Submissao #86

Designing and testing the IMPACT HTA socio-technical framework to assist
HTA agencies in the multicriteria evaluation of new medicines on a common
basis
Moénica Oliveira, Teresa Rodrigues, Liliana Freitas, Ana Vieira, Klara Dimitrovova, Joao Bana e Costa,
Aris Angelis, Panos Kanavos, Carlos Bana e Costa

When evaluating medicines, Health Technology Assessment (HTA) committees consider multiple value dimen-
sions, variable quantity and quality of evidence, as well as make use of their qualitative knowledge regarding
medicines’ impacts; and at the top level, HTA agencies face the challenges of promoting consistency in medicines
evaluations across committees and of finding a balance in the involvement of HTA stakeholders and experts in
evaluations. In this study we describe the development and testing of the IMPACT HTA socio-technical fra-
mework to assist HTA agencies in valuing medicines in multiple dimensions across diseases on a common basis.
Technically, the framework combines MACBETH with concepts of the swing weighting matrix so that a common
value frame is set by the HTA agency for groups of therapeutic indications, and committees evaluate medicines on
a structured basis and departing from the value set defined by the agency. Socially, the framework is developed
through a collaborative modelling approach in which key HTA stakeholders and members of evaluation commit-
tees are involved in a sequence of Delphi and decision conferencing processes so as to develop both the value
frame for each therapeutic indication, and MACBETH value models for specific medicines’ evaluations. Results
from testing the HTA framework in case studies developed in two HTA agencies from Belgium and Sweden are
presented, and feedback and insights from participants about the framework are provided.

Keywords: Multicriteria Decision Analysis, Health Technology Assessment, Socio-Technical Approa-

ches, MACBETH, Collaborative Value Modelling

DESIGNING AND TESTING THE IMPACT HTA SOCIO-TECHNICAL FRAMEWORK TO ASSIST HEALTH TECHNOLOGY
ASSESSMENT AGENCIES IN THE MULTICRITERIA EVALUATION OF NEW MEDICINES ON A COMMON BASIS

members of

T value modiels o

Objective: Building a common but flexible value
framework to enable HTA agencies to evaluate new
medicines on a common basis, and while considering the
views of relevant stakeholders

IMPACT HTA e

L Rt

IMPACT HTA framework:
Phases Socio-technical steps within the three phases
Teow P

)

IMPACT HTA framework innovative features: model structure, combined MACBETH-Swing weighting matrix, embedded
collaborative value modelling, actionable tools.

Two case-studies, for Non-Small Cell Lung Cancer (NSCLC); Spinal Muscular Atrophy (SMA) for HTA evaluation committees
at the Swedish and Belgium national agencies T </

Phase 1: ex-ante to HTA agency (Delphi+Workshop) Phase 2: Spinal Muscular Atrophy case study with TLV
o e ——— agency evaluation committee (web-survey+virtual
decision conference)
.

redundancies and
interdependencies

Phases 1and 2: HTA agency (Delphi per therapeutic
area and interviews)

Aspects relevant for

NSCLC and SMA

therapeutic areas at
- INAMI agency

Key results: 4 successfully developed case studies; ~ Future research: Develop tools to enable an expedite
framework flexible and effective in helping committees  implementation of the framework; consolidate the
working aligned with the HTA agency value system. MACBETH swing weight matrix approach.
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